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ABSTRACT:  To  satisfy  its  mission  of  wartime  readiness,  the  U.S.  Army  relies  on  extensive  troop  training  at  military 
installations.  These  installations  must  comply  with  the  mandates  of  Congressional  directives  and  other  regulations,  in¬ 
cluding  the  Endangered  Species  Act  (16  USC  1531-1544).  Because  the  military  is  required  to  protect  State  and  Federally 
listed  threatened  and  endangered  species  on  its  lands,  the  Army  and  other  military  services  must  evaluate  any  activities 
that  are  potentially  harmful  to  threatened  and  endangered  species  and  their  habitats.  Toward  that  end,  the  Army  has  initi¬ 
ated  studies  to  evaluate  any  potential  impacts  and  effects  of  certain  military-specific  soldier  training  actions  and  activities 
on  threatened  and  endangered  species.  Considerable  study  and  management  effort  have  been  devoted  to  the  red- 
cockaded  woodpecker  ( Picoides  borealis),  in  part  because  of  its  relatively  widespread  occurrence  on  installations.  This 
report  provides  an  assessment  of  the  ecological  risks  that  fog  oil  obscurant  smoke  training  may  pose  to  individual  red- 
cockaded  woodpeckers,  red-cockaded  woodpecker  populations,  and  red-cockaded  woodpecker  habitat.  The  risks  from 
military  fog  oil  obscurants  do  not  appear  to  be  significant  in  field  use. 
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Preface 


This  study  was  conducted  for  the  Department  of  Defense’s  Strategic  Environmental 
Research  and  Development  Program  (SERDP)  under  project  CS-766,  “Identification, 
Assessment,  and  Mitigation  of  Impacts  of  Military  Related  Chemicals  and  Pollut¬ 
ants  on  TES”  and  project  CS-507,  “Threatened,  Endangered,  and  Sensitive  Re¬ 
sources:  Impact  of  Smokes  and  Obscurants  on  TES.”  Congress  established  SERDP 
through  Public  Law  101-150  on  5  November  1990  (10  USC  2901-2904).  SERDP  is  a 
joint  multi-agency  (Department  of  Defense,  Department  of  Energy,  and  Environ¬ 
mental  Protection  Agency)  effort  to  support  environmental  quality  research,  devel¬ 
opment,  demonstration,  and  applications  programs.  The  technical  monitor  at  the 
beginning  of  this  work  was  Dr.  Femi  A.  Ayorinde,  SERDP  Cleanup  and  Conservation 
Program  Manager,  followed  by  Dr.  Robert  W.  Holst,  SERDP  Compliance  and  Con¬ 
servation  Program  Manager.  The  Executive  Director  of  SERDP  is  Mr.  Bradley 
Smith. 

The  work  was  performed  by  the  Ecological  Processes  Branch  (CN-N)  of  the  Installa¬ 
tions  Division  (CN),  Construction  Engineering  Research  Laboratory  (CERL).  The 
CERL  Principal  Investigator  was  Thomas  S.  Smith  (CN-N).  Ms.  Patricia  M.  Kirby 
coordinated  preparation  of  this  report.  Dr.  Harold  E.  Balbach  (CN-N)  was  the 
Threatened  and  Endangered  Species  Research  Project  Leader.  Steve  Hodapp  is 
Chief,  CEERD-CN-N,  and  Dr.  John  T.  Bandy  is  Chief,  CEERD-CN.  The  associated 
Technical  Director  is  Dr.  William  D.  Severinghaus  CEERD-CV-T.  The  Director  of 
CERL  is  Dr.  Alan  W.  Moore. 

CERL  is  an  element  of  the  U.S.  Army  Engineer  Research  and  Development  Center 
(ERDC),  U.S.  Army  Corps  of  Engineers.  The  Commander  and  Executive  Director  of 
ERDC  is  COL  J ames  R.  Rowan,  and  the  Director  of  ERDC  is  Dr.  J ames  R.  Houston. 


ERDC/CERL  TR-05-4 


1 


1  Introduction 


Overview 

To  satisfy  its  mission  of  wartime  readiness,  the  U.S.  Army  relies  on  extensive  troop 
training  at  military  installations  throughout  the  United  States  and  in  allied  na¬ 
tions.  However,  it  is  also  important  that  military  installations  comply  with  the 
mandates  of  Congressional  directives  and  other  regulations,  including  the  Endan¬ 
gered  Species  Act  (16  USC  1531-1544).  Because  the  military  is  required  to  protect 
State  and  Federally  listed  threatened  and  endangered  species  on  its  lands,  the 
Army  and  other  military  services  must  evaluate  any  activities  that  are  potentially 
harmful  to  threatened  and  endangered  species  and  their  habitats.  Toward  that  end, 
the  Army  has  initiated  studies  to  evaluate  any  potential  impacts  and  effects  of  cer¬ 
tain  military-specific  soldier  training  actions  and  activities  on  threatened  and  en¬ 
dangered  species.  Considerable  study  and  management  effort  has  been  devoted  to 
the  red-cockaded  woodpecker  ( Picoides  borealis ),  in  part  because  of  its  relatively 
widespread  occurrence  on  important  Army  and  other  military  installations,  Previ¬ 
ous  investigations  have  addressed  military  noise  (e.g.,  weapons  systems,  Delaney  et 
al.  2002)  and  large-scale  military  maneuver  activities  (Hayden  et  al.  2002)  on  that 
species.  This  report  (and  the  pertinent  and  related  studies  referenced  herein)  ad¬ 
dresses  the  impact  and  effects  of  training  and  testing  use  of  military  fog  oil  obscur¬ 
ant  smoke  on  the  red-cockaded  woodpecker  and  its  habitat.  More  specifically,  fol¬ 
lowing  the  U.  S.  Environmental  Protection  Agency  (USEPA)  framework  and  the 
subsequently  derived  Military  Ecological  Risk  Assessment  Framework  (MERAF), 
this  report  provides  an  assessment  of  the  ecological  risks  that  fog  oil  obscurant 
smoke  training  may  have  upon  the  health  of  individual  red-cockaded  woodpeckers, 
the  stability  of  red-cockaded  woodpecker  populations,  and  on  red-cockaded  wood¬ 
pecker  habitat. 


Ecological  Risk  Assessment  Background 

Ecological  risk  assessment  is  not  a  product.  Rather,  it  is  a  process  for  estimating 
the  likelihood  of  adverse  ecological  effects  resulting  from  exposure  to  environmental 
stressors.  An  ecological  risk  assessment  process  may  provide  a  practical  method  of 
identifying  and  communicating  risks  about  potentially  harmful  agents  or  activities 
to  threatened  and  endangered  and  other  species  at  risk.  To  ensure  comparable  and 
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effective  communication  of  ecological  risks,  the  U.S.  Environmental  Protection 
Agency  (USEPA)  has  developed  a  framework  for  conducting  ecological  risk  assess¬ 
ments  (USEPA  1998,  63  FR  26845-26924).  Among  other  things,  this  framework 
proposes  the  use  of  consistent  methodology  and  terminology  in  risk  assessment. 
Application  of  the  USEPA  framework  may  also  focus  efforts  and  help  to  establish 
goals,  characterize  exposure  and  effects,  and  provide  an  accurate  representation  of 
the  risk  based  on  available  information.  In  the  USEPA  framework,  and  other  sub¬ 
sequently  derived  ecological  risk  assessment  guides  (e.g.,  Suter  et  al.  2001),  the 
three  primary  phases  in  developing  an  ecological  risk  assessment  include:  (1)  prob¬ 
lem  formulation,  (2)  analysis,  including  exposure  and  effects  assessment,  and 
(3)  risk  characterization  (Figure  1).  During  problem  formulation,  risk  assessors 
identify  the  problem,  set  the  goal  and  select  the  endpoint,  and  consider  and  formu¬ 
late  assessment  approaches.  In  the  analysis  phase,  risk  assessors  evaluate  the  ex¬ 
posure  of  the  environmental  or  ecological  subject  to  the  stimulus  or  stressor  and  the 
relationships  between  the  subject  and  stressor.  In  the  characterization  phase,  risk 
assessors  estimate  risk  to  the  ecological  subject  through  integration  of  relevant  in¬ 
formation  and  evidence  of  the  effects  of  the  stressor  on  the  subject. 


Figure  1.  Framework  for  ecological  risk  assessment  (modified  from  USEPA  1992). 


ERDC/CERL  TR-05-4 


3 


More  recently  the  Department  of  Defense  (DoD)  has  pursued  development,  based  in 
part  on  refinement  of  the  USEPA  ecological  risk  assessment  guidelines,  of  a  frame¬ 
work  or  guide  for  ecological  risk  assessment  on  military  lands  and  related  ecosys¬ 
tems.  This  Military  Ecological  Risk  Assessment  Framework  (MERAF),  while  inte¬ 
grating  the  USEPA  guidelines,  is  intended  to  make  ecological  risk  assessment  of 
increased  utility  to  military  natural  resources  managers,  biologists,  and  training 
and  testing  personnel.  Additionally,  this  framework  can  be  adapted  to  a  site  or  loca¬ 
tion  as  well  as  to  broader  programmatic  approaches  (i.e.,  same  or  similar  activity  at 
multiple  locations).  Although  ecological  risk  assessment  processes  may  prove  to  be 
valuable  tools  for  risk  assessment  and  risk  management  related  to  wildlife  and  fish¬ 
eries  resources,  they  have  not  been  widely  adopted  or  used  by  the  Army  or  other 
agencies  with  threatened  and  endangered  species  management  responsibilities. 


Objective 

The  purpose  of  the  ecological  risk  assessment  presented  here  is  to  help  predict  the 
likelihood  of  adverse  effects  of  the  use  of  fog  oil  smoke  obscurant  in  military  training 
and  testing  applications  and  protocols  with  respect  to  the  endangered  red-cockaded 
woodpecker.  This  ecological  risk  assessment  examines  the  potential  impacts  of  fog 
oil  obscurant  smoke  on  the  red-cockaded  woodpecker.  More  specifically,  the  assess¬ 
ment  focuses  on  the  potential  toxicity  of  fog  oil  obscurant  smoke  on  the  red-cockaded 
woodpecker  and  its  habitat.  In  that  sense,  this  ecological  risk  assessment  focuses 
primarily  on  potential  direct  effects.  However,  in  some  instances  it  is  difficult  to 
separate  direct  effects  from  indirect  effects,  in  part  because  of  the  potentially  large 
number  of  incompletely  understood  ecological  interactions.  This  report  also  inte¬ 
grates  indirect  effect  as  appropriate. 

It  is  intended  that  this  ecological  risk  assessment  also  serve  as  a  model  and  stimu¬ 
lus  for  potential  application  of  this  and  other  risk  assessment  methodologies  and 
processes  on  military  lands,  and  that  it  will  stimulate  a  broader  consideration  and 
use  of  effective  approaches  to  risk  analysis  involving  land  use  and  other  actions  on 
biological  systems  and  individual  species.  Concurrently,  and  more  importantly,  it  is 
intended  that  this  risk  assessment  help  provide  a  basis  for  risk  managers,  and  other 
inter-  and  intra-agency  personnel  with  a  responsibility  and  interest  in  red-cockaded 
woodpecker  management  and  recovery,  to  make  informed  decisions  regarding  the 
use  and  implementation  of  military  smoke  and  obscurant  during  training  and  test¬ 
ing  and  other  programs. 
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Approach 

In  developing  this  ecological  risk  assessment,  the  research  team  gave  substantial 
consideration  to  previously  developed  USEPAand  MERAF  approaches  and  frame¬ 
works.  Using  the  foundation  of  those  works,  problem  formulation  was  approached 
from  the  standpoint  of  what  is  known  and  understood,  from  published  and  unpub¬ 
lished  literature  or  otherwise,  about  red-cockaded  woodpecker  biology  and  ecology 
as  well  as  the  physical,  chemical,  biological,  geographic,  and  other  parameters  of  fog 
oil  and  fog  oil  obscurant  smoke  utilization.  Based  on  that  information  and  the  re¬ 
search  team's  interpretation  of  it,  potential  effects  of  military  fog  oil  obscurant  use 
on  the  species  were  analyzed,  and  potential  ecological  risks  were  characterized. 


Mode  of  Technology  Transfer 

The  information  in  this  document  will  be  made  available  to  environmental  re¬ 
searchers  through  the  Strategic  Environmental  Research  and  Development  Pro¬ 
gram  (SERDP)  office.  Additionally,  this  report  will  be  made  accessible  through  the 
World  Wide  Web  (WWW)  at  URL:  http://www.cecer.army.mil 
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2  Supplemental  Information 


Ecological  Risk  Assessment  as  an  Evaluative  Tool 

Ecological  risk  assessment  ideally  “evaluates  the  likelihood  that  adverse  ecological 
effects  may  occur  or  are  occurring  as  a  result  of  exposure  to  one  or  more  stressors” 
(USEPA 1992).  Ecological  risk  assessment  provides  a  technique  that  uses  available 
toxicological  and  ecological  data  and  information  to  estimate  the  probability  that  an 
adverse  ecological  effect  will  occur.  Thus,  an  ecological  risk  assessment  process  is  a 
tool  or  methodology  that  can  help  evaluate  the  likelihood  that  an  activity  resulting 
in  the  release  or  exposure  of  an  environmental  stressor  (e.g.,  military  training  em¬ 
ploying  fog  oil  smoke  obscurant)  will  result  in  negative  effects  on  a  designated  eco¬ 
logical  component  or  receptor  (e.g.,  red-cockaded  woodpecker).  It  is  implicit  that 
risk  does  not  exist  unless  the  stressor  has  an  inherent  ability  to  cause  negative  ef¬ 
fects  and  the  stressor  comes  into  contact  with  or  is  otherwise  exposed  to  the  desig¬ 
nated  ecological  component  or  receptor.  This  contact  or  exposure  must  be  of  suffi¬ 
cient  time  and/or  intensity  to  cause  or  result  in  an  identifiable  adverse  effect. 
Although  it  has  been  clear  that  the  stressor  could  come  into  contact  with  the  red- 
cockaded  woodpecker  and  its  habitat,  the  effects  of  fog  oil  obscurant  smoke  on  the 
species  were  unknown  prior  to  recent  Army-sponsored  research  that  focused  on  this 
topic. 

In  its  traditional  application,  an  ecological  risk  assessment  process  can  provide  risk 
managers  with  an  approach  for  organizing  and  structuring  scientific  information 
when  selecting  a  course  of  action.  Although  extremely  valuable,  this  scientific  in¬ 
formation  does  not  stand  alone  and  needs  to  be  considered  in  conjunction  with  other 
factors  (e.g.,  legal,  social,  political,  economic,  etc.;  USEPA  1998).  Ecological  risk  as¬ 
sessment  can  provide  a  valuable  support  element  for  ecological  and/or  “environ¬ 
mental”  decisionmaking.  Similar  to  the  environmental  impact  assessment  process 
as  called  for  under  the  National  Environmental  Policy  Act  (NEPA)  and  supporting 
agency-specific  regulations  (e.g.,  Environmental  Effects  of  Army  Actions,  Army 
Regulation  200-2;  U.S.  Army  1988),  the  MERAF  template  (Suter  et  al.  2001)  allows 
for  tiering  of  ecological  risk  assessments  when  appropriate.  In  that  sense  it  is  ex¬ 
plicit  that  this  ecological  risk  assessment,  with  additional  investigation  and  refine¬ 
ment  as  necessary,  can  serve  as  input  into  future  and  next  tier  ecological  risk  as¬ 
sessments  (Figure  2). 
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IF  NEEDED 

1  i 
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Risk  Management 


Figure  2.  Components  of  screening  and  baseline  ecological  risk  assessment  (ERA)  process 
(from  Simini  et  al.  2000). 


Ecological  Risk  Assessment  Concept  Development 

The  concept  of  ecological  risk  assessment  has  evolved  relatively  recently;  indeed,  the 
field  of  ecological  risk  assessment  is  in  its  early  development  (Calabrese  and  Bald¬ 
win  1993).  Nevertheless,  ecological  risk  assessment  is  slowly  emerging  as  a  disci¬ 
pline  that  is  responding  to  the  need  for  ecologically  and  toxicologically  defensible 
schemes  to  evaluate  the  effects  of  ecological  contaminants  (Calabrese  and  Baldwin 
1993,  USEPA  1998,  Suter  et  al.  2001). 

In  simplest  terms,  an  ecological  assessment  problem  can  be  approached  simply  as  a 
comparison  of  alternatives.  NEPA,  the  most  comprehensive  and  far-reaching  of  na¬ 
tional  environmental  laws,  can  be  characterized  as  a  Federal  environmental  full- 
disclosure  law  (Anderson  and  Daniels  1973)  that  requires  identification  and  consid- 
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eration  of  alternatives,  but  makes  no  reference  to  risk  or  risk  assessment  per  se. 
The  need  for  ecological  risk  assessment  approaches  appears  to  have  been  stimulated 
by  language  in  other  legislation,  such  as  the  Federal  Insecticide,  Fungicide,  and  Ro- 
denticide  Act  (7  USC  136-136y)  and  the  Toxic  Substances  Control  Act  (15  USC  2601- 
2654)  that  speak  of  protection  from  “unreasonable  risks.” 

Somewhat  more  recently,  the  Comprehensive  Environmental  Response,  Compensa¬ 
tion  and  Liability  Act  (CERCLA;  42  USC  9601-9675),  as  amended  by  the  Superfund 
Amendments  and  Reauthorization  Act  of  1986,  refers  to  the  protection  of  health  and 
the  parts  of  the  environment  as  a  whole.  In  applying  and  implementing  CERCLA, 
environmental  pollution  or  contaminants  at  specific  sites  or  locations  as  well  as 
human  health  and  ecological  risks  are  critically  evaluated  (USEPA  1997a,  1999). 
Thus,  ecological  risk  assessments  have  typically  been  most  often  applied  to  “clean¬ 
up”  investigations  and  strategies  at  chemically  contaminated  sites  where  multiple 
jurisdictions  and  entities  (e.g.,  Federal,  State,  industry)  are  involved.  At  other  simi¬ 
lar  sites  (e.g.,  DoD  hazardous  waste  sites)  ecological  risk  assessment  approaches  are 
becoming  more  widely  utilized  (Wentsel  et  al.  1994,  LaPoint  et  al.  1995,  Simini  et  al. 
2000). 

The  Endangered  Species  Act  prohibits  the  taking  of  threatened  or  endangered  spe¬ 
cies,  to  include  harassing,  harming,  or  killing  (16  USC  1532).  The  Endangered  Spe¬ 
cies  Act  also  states  that  it  is  to  be  the  policy  of  Congress  that  all  Federal  depart¬ 
ments  and  agencies  shall  seek  to  conserve  endangered  species  and  threatened 
species  and  shall  use  their  authorities  in  furtherance  of  the  purpose  of  the  Act  (16 
USC  1531c).  Thus,  there  is  both  a  prohibition  against  harming  individual  members 
of  threatened  or  endangered  species  and  an  affirmative  obligation  to  conserve  those 
species,  including  the  preclusion  of  toxic  environmental  effects.  While  there  is  no 
specific  requirement  in  the  Endangered  Species  Act  for  ecological  or  other  risk  as¬ 
sessment  for  threatened  and  endangered  species,  the  Act  is  a  Federal  “applicable  or 
relevant  and  appropriate  requirement”  (42  USC  9605)  with  which  CERCLA  reme¬ 
dial  actions  must  comply. 1  It  follows  then  that  in  concept  at  least,  ecological  risk 
assessments  conducted  to  support  and  help  satisfy  CERCLA  or  “CERCLA  like”  re¬ 
quirements  or  actions,  could  be  used  to  support  more  direct  Endangered  Species  Act 


The  Migratory  Bird  Treaty  Act  (16  USC  703  et  seq.)  is  also  a  Federal  “applicable  or  relevant  and  appropriate  re¬ 
quirement"  with  which  CERCLA  remedial  actions  must  comply. 
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requirement  actions  such  as  listing — delisting,  critical  habitat  designation,  *  consul¬ 
tation,  permit,  management,  and  recovery  for  threatened  or  endangered  species. 
Applying  ecological  risk  assessment  methodologies  to  threatened  and  endangered 
species  not  impacted  by  designated  CERCLA  or  comparable  sites  appears  to  be 
practical  and  of  developing  interest.  With  continued  thought  and  refinement,  the 
utility  and  application  of  ecological  risk  assessment  processes  to  range-wide  or  pro¬ 
grammatic  threatened  and  endangered  species  issues  may  prove  beneficial. 

The  concept  and  application,  at  least  to  the  extent  outlined  in  the  USEPA  frame¬ 
work  (USEPA  1998)  and  with  limited  exception,  of  ecological  risk  assessment  has 
not  typically  been  extended  to  programmatic  activities  (the  use  of  military  fog  oil 
obscurant),  widespread  or  large  geographic  area  (military  red-cockaded  woodpecker 
range),  continuing  forward  into  time  (release  at  regularly  occurring  training 
events),  or  single  species  (red-cockaded  woodpecker).  With  the  development  of 
MERAF  and  this  assessment,  applying  ecological  risk  assessment  approaches  to 
natural  resources  issues  may  gain  impetus  and  acceptance  and  provide  additional 
support  for  informed  decisionmaking. 


Ecological  Risk  Assessment  Application 

One  of  the  difficulties  with  applying  and  using  ecological  risk  assessment  for  wild¬ 
life  can  be  the  uncertainty  in  the  quantitative  assessment  of  abundance  and  produc¬ 
tion  as  well  as  mortality  and  other  abundance-related  factors  (Ralph  and  Scott 
1981,  Verner  1985,  Efroymson  and  Suter  2001).  Other  difficulties  may  include  the 
transient  nature  of  some  wildlife  species,  difficulties  and  uncertainty  in  quantifying 
exposure,  difficulties  and  uncertainty  in  quantifying  effects,  and  the  general  inter¬ 
connected  complexities  of  ecosystems.  While  guidelines  and  frameworks  for  per¬ 
forming  ecological  risk  assessments  specific  for  remediation  and  clean-up  of  con¬ 
taminated  sites  at  Army  installations  (Wentsel  et  al.  1994,  Simini  et  al.  2000)  and 
for  Army  training  and  testing  activities  (Sample  et  al.  1997,  Efroymson  et  al.  2000, 
Suter  et  al.  2001)  have  been  proposed,  developed,  and  applied,  their  overall  applica¬ 
bility  and  acceptance  have  not  been  widely  recognized  for  biological  or  species  man¬ 
agement  purposes  (Efroymson  et  al.  2001,  Efroymson  and  Suter  2001). 


The  National  Contingency  Plan  (42  USC  9605)  prepared  under  CERCLA,  specifies  that  evaluations  shall  be  per¬ 
formed  to  assess  threats  to  the  environment,  especially  sensitive  habitats  and  critical  habitats  of  species  protected 
under  the  Endangered  Species  Act  (emphasis  added).  Similarly,  USEPA  regulations  for  “State  and  Local  Assis¬ 
tance”  (40  CFR  Part  35,  Appendix  A  to  subpart  H)  require  that  project  proposals  determine  whether  there  would  be 
significant  adverse  effects  on  critical  habitat  of  endangered  species. 
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Nonetheless,  it  seems  intuitive  that  ecological  risk  assessment  methodologies  and 
approaches  can  be  used  to  affect  and  support  endangered  species  conservation  and 
recovery  not  only  on  a  site-  or  property-specific  basis,  but  also  in  addressing  impacts 
and  effects  of  programs  or  activities  on  threatened  and  endangered  species. 

That  being  said,  the  ecological  risk  assessment  provided  in  this  report  is  intended  to 
help  predict  the  likelihood  of  future  adverse  effects  due  to  exposure  to  a  single 
stressor,  that  being  military  fog  oil  smoke  obscurant,  on  the  red-cockaded  wood¬ 
pecker.  In  that  sense  this  ecological  risk  assessment  is  prospective  in  that  it  can  be 
used  to  assist  in  predicting  the  likelihood  of  adverse  effects  of  future  exposures. 
This  is  in  contrast  to  other  ecological  risk  assessments,  which  can  be  considered  ret¬ 
rospective  in  that  they  can  assist  in  evaluating  adverse  effects  attributable  to  past 
exposures. 

This  ecological  risk  assessment  may  contain  more  explanatory  information  than  as¬ 
sessments  in  other  documents.  The  primary  audience  includes  Army  “risk  manag¬ 
ers”  (e.g.,  installation  natural  resources  managers,  wildlife  biologists,  and  military 
training  managers;  military  training  and  doctrine  planners;  military  commanders), 
U.S.  Fish  and  Wildlife  Service  risk  managers  (e.g.,  ecological  services  personnel; 
species  recovery  team  leaders  and  members,  and  agency  experts;  agency  decision¬ 
makers),  appropriate  State  wildlife  agency  risk  managers  (e.g.,  State  agency  wildlife 
biologists;  agency  decisionmakers),  and  others  with  species  or  other  expertise  (e.g., 
academia  and  private  conservation  support  groups  such  as  The  Nature  Conser¬ 
vancy).  This  ecological  risk  assessment  is  intended  to  aid  regulatory  decisions  and 
other  considerations  relating  to  the  red-cockaded  woodpecker,  in  support  of  both  the 
Endangered  Species  Act  and  Army  and  DoD  environmental  security  and  other  mis¬ 
sion  actions  and  requirements. 
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3  Problem  Formulation 


In  the  problem  formulation  phase  of  an  ecological  risk  assessment,  preliminary  data 
are  identified  and  reviewed  so  that  an  informed  evaluation  of  risk  can  be  made.  The 
steps  in  this  phase  can  include:  (1)  summarizing  available  data  on  the  stressors, 
ecological  effects,  and  ecosystem  at  risk,  (2)  determining  assessment  and  measure¬ 
ment  endpoints,  and  (3)  identifying  causal  pathways  in  the  form  of  a  conceptual 
model  (Barnthouse  and  Brown  1994,  USEPA  1998,  Suter  et  al.  2001). 


Background 

The  Army  and  other  military  services  use  smokes  and  other  obscurants  as  an 
important  tactic  during  training.  Large  obscurant  smoke  screens  are  generated  to 
visually  mask  the  movements  of  soldiers  and  mechanized  equipment,  confuse 
enemy  sensors,  reduce  exposure  to  enemy  fire,  and  reduce  enemy  command  and 
control  capabilities  (Palmer  1990).  Because  it  is  important  to  simulate  the 
conditions  likely  to  be  encountered  under  live  combat  situations,  the  use  of  smokes 
and  obscurants  is  an  important  element  of  tactical  training.  Although  numerous 
obscurants  have  been  developed,  obscurant  “smoke”  derived  from  fog  oil  currently  is 
the  most  widely  used  in  training  exercises.  The  term  “fog  oil  smoke,”  as  used  in  this 
report,  is  intended  to  be  a  generic  description  applied  to  the  form  of  the  chemical 
compound  during  its  exposure  to  the  environment,.  Although  the  whitish-colored 
clouds  emitted  from  the  generators  have  the  appearance  of  and  are  commonly  called 
“smoke,”  they  are  more  accurately  defined  as  “fog,”  as  they  are  composed  of  small 
liquid  droplets  not  unlike  water  droplets  in  commonly  recognized  atmospheric  fog. 
The  chemical  composition  of  fog  oil  smoke  is  similar  but  not  necessarily  identical  to 
that  of  fog  oil  (Driver  et  al.  1993,  2002a,  2002b,  2004).  While  fog  oil  and  its 
derivatives  as  used  in  military  training  appear  to  pose  only  a  minimal  risk  of 
negative  health  effects  in  humans,  their  impacts  and  effects  on  wildlife  were  largely 
unidentified  (Driver  et  al.  1993,  National  Research  Council  [NRC]  1997),  prior  to  a 
recent  series  of  Army-sponsored  studies  (Driver  et  al.  2002a,  2002b,  2004). 
Consequently,  it  is  appropriate  that  the  ecological  risks  associated  with  the  use  of 
fog  oil  smoke  obscurant  in  Army  training  be  evaluated,  specifically  as  they  relate  to 
threatened  and  endangered  species. 
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The  red-cockaded  woodpecker  is  an  endangered  species  found  on  or  near  16  military 
bases  in  the  southeastern  United  States'1'  (U.  S.  Fish  and  Wildlife  Service  [USFWS] 
2003).  All  of  the  military  services  have  installations  with  red-cockaded  woodpecker 
populations.  However,  the  bulk  of  the  red-cockaded  woodpeckers  found  on  military 
lands  are  found  on  Army  installations.  Of  the  nine  Army  and  Army  Reserve  instal¬ 
lations  where  red-cockaded  woodpecker  clusters  are  present  (Table  1)  most  routinely 
use  fog  oil  obscurant  during  training  exercises  (see  Hayden  1997a).  Sunny  Point 
Military  Ocean  Terminal,  NC,  supports  the  deployment  of  armed  forces  by  providing 
terminal  facilities  and  staging  areas  for  forces  and  materials.  No  fog  oil  obscurant 
smoke  exercises  are  conducted  there. 


Table  1.  Number  of  active  red-cockaded  woodpecker  clusters  on  Army  properties. 


Property  Name* 

Active  Red-cockaded  Woodpecker  Clusters 

1998 

1999 

2000 

Goal6 

Camp  Mackall,  NC 

9 

11 

11 

11 

Fort  Benning,  GA 

187 

186 

219 

450 

Fort  Bragg,  NC 

309 

350 

350 

436 

Fort  Gordon,  GA 

2 

3 

5 

25 

Fort  Jackson,  SC 

13 

21 

24 

126 

Fort  Polk,  LA 

45 

44 

46 

179 

Fort  Stewart,  GA 

189 

198 

212 

500 

Military  Ocean  Terminal 
Sunny  Point,  NC 

6 

6 

9 

17 

Peason  Ridge,  LA 

25 

25 

23 

120 

Total 

785 

844 

899 

1864 

A  Many  of  the  identified  installations  have  been  in  existence  and  involved  in  training  soldiers 
for  a  century  or  more. 


B  The  goal  is  based  on  habitat  designated  for  red-cockaded  woodpeckers  in  site-specific 
management  plans  (derived  from  USFWS  2003). 


Because  the  military  services  are  responsible  for  maintaining  and  managing  exist¬ 
ing  red-cockaded  woodpecker  populations  on  lands  under  their  control,  it  is  impor¬ 
tant  that  military  activities  do  not  cause  any  harmful  effects  to  the  species.  Be¬ 
cause  of  the  nature  of  its  mission,  the  Army  conducts  the  great  majority  of  the 
military  training  that  uses  obscurant  smoke.  Consequently,  it  is  incumbent  on  the 
Army  to  examine  any  potential  threats  to  the  red-cockaded  woodpecker  resulting 
from  these  training  exercises. 


This  includes  Florida  Department  of  Military  Affairs  Camp  Blanding  which  is  used  by  the  Florida  National  Guard. 
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Preliminary  Characterization  of  the  Stressor 
General 

In  ecological  risk  assessment,  any  physical,  chemical,  or  biological  entity  that  can 
induce  an  adverse  response  in  the  species  or  ecosystem  of  concern  is  a  stressor  (Nor¬ 
ton  et  al.  1993,  Suter  et  al.  1993).  Therefore,  in  a  broad  sense,  any  ecological  dis¬ 
turbance  associated  with  or  resulting  from  military  training  exercises  is  a  potential 
stressor.  Stressors  may  be  harmful  only  during  particularly  vulnerable  periods  of  a 
species’  life  cycle.  For  example,  a  chemical  stressor  may  have  a  significant  negative 
effect  only  on  the  young  of  a  species,  or  during  periods  of  physiological  stress. 
Stressors  are  typically  most  detrimental  when  acting  in  conjunction  with  other  im¬ 
pinging  factors,  which  may  be  either  natural  or  anthropogenic.  Stressors  can  also 
have  more  than  one  mode  of  transmission.  For  example,  fog  oil  obscurant  smoke 
exposure  might  occur  via  inhalation  of  aerosols  or  ingestion  of  residues.  The  degree 
to  which  stressors  impact  the  ecological  component(s)  of  concern  depends  on  the  du¬ 
ration,  scale,  frequency,  mode  of  exposure,  intensity,  and  timing  of  the  stressor 
(Wentsel  et  al.  1994,  Barnthouse  and  Brown  1994,  Suter  et  al.  2001).  The  chemical 
and  physical  information  available  on  fog  oil  and  fog  oil  obscurant  smoke  is  summa¬ 
rized  in  the  following  paragraphs. 

Fog  Oil  and  Fog  Oil  Obscurant  Smoke 

Fog  oil,  which  is  also  known  as  100  pale  oil  or  Standard  Grade  Fuel  (SGF),  is  a 
light-duty  lubricating  oil  equivalent  to  an  SAE  20-grade  motor  oil  (Shinn  et  al.  1985, 
Driver  et  al.  1993).  It  typically  has  two  standard  grades:  SGF  No.  1  and  SGF  No.  2. 
SGF  No.  1  has  a  higher  viscosity  and  is  intended  for  use  when  the  atmospheric  tem¬ 
perature  is  4.4°C  (40°F)  or  above.  SGF-2  is  designed  for  use  when  the  temperature 
is  between  -27°C  (-15°F)  and  4.4°C  (40°F).  Below  -27°C,  a  mixture  of  SGF  No.  2  and 
wax- free  kerosene  may  be  used.  Historically,  only  SGF  No.  2  has  been  used  during 
military  training  exercises  (Muhly  1983). 

Fog  oil  is  produced  by  hydrogenation  of  a  naphthalenic  petroleum  stock  (the  multi¬ 
ple  bonds  between  carbon  atoms  are  saturated  by  addition  of  hydrogen),  followed  by 
extraction  of  the  aromatic  and  polycyclic  aromatic  hydrocarbons  (PAHs;  Brubaker  et 
al.  1992).  The  chemical  components  remaining  after  this  processing  mainly  include 
alkanes  and  aliphatic  hydrocarbons  (Katz  et  al.  1980).  The  number  of  carbon  atoms 
in  the  alkane  molecules  can  range  from  12  to  40,  and  may  form  linear  structures  in- 
alkanes),  branched  structures  (isoalkanes),  or  nonaromatic  rings  (cyclic  alkanes; 
Brubaker  et  al.  1992). 
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Because  fog  oil  is  defined  by  physical  characteristics  (Table  2)  its  exact  chemical 
composition  can  vary.  Much  of  this  variation  can  be  attributed  to  the  fact  that  crude 
oils  often  have  different  chemical  compositions  depending  on  their  source  (Driver  et 
al.  1993).  Prior  to  Military  Specification  Amendments  Mil-F-12070C,  and  Mil-F- 
12070D  (29  April  1986),  manufacturers  were  not  required  to  remove  carcinogens, 
which,  in  the  context  of  fog  oil,  primarily  include  aromatic  hydrocarbons  (i.e.,  PAHs; 
Brubaker  et  al.  1992,  Driver  et  al.  1993,  3D/International  Inc.  [3D/I]  1997).  PAHs 
can  be  categorized  by  the  number  of  aromatic  (i.e.,  benzene)  rings  in  their  structure 
as  well  as  their  carcinogenicity  as  demonstrated  in  laboratory  animals  (Cura  et  al. 
1999).  Examples  of  2-  and  3-ringed  PAHs  (those  with  a  low  molecular  weight)  in¬ 
clude  naphthalene  and  fluorine,  respectively.  Examples  of  4-  and  >4-ringed  PAHs 
(those  with  a  high  molecular  weight)  include  crysene  and  benzo(g,h,i)perylene  (see 
Table  3).  As  a  gross  generalization,  based  on  studies  of  laboratory  animals,  high 
molecular  weight  PAHs  tend  to  be  more  toxic  or  carcinogenic  (Cura  et  al.  1999).  The 
current  Military  Specification  Amendment  (MIL-F-12070E)  requires  that  fog  oil 
“...shall  be  of  overhead  petroleum  fraction(s)  and  shall  contain  no  additives”  and 
“shall  not  demonstrate  any  toxic  effect  or  carcinogenic  or  potentially  carcinogenic 
effect”  (MILSPEC  1998).  Certainly,  the  highly  refined  fog  oil  that  is  produced  and 
used  currently  (i.e.,  types  C,  D,  and  E  after  respective  Military  Specification 
Amendments)  should  not  contain  detectable  quantities  of  many  aromatic  hydrocar¬ 
bons  (3D/1 1997).  Furthermore,  as  defined  under  the  Hazard  Communication  Stan¬ 
dard  (29  CFR  19 10. 1200),  manufacturers  must  certify  that  no  carcinogenic  or  poten¬ 
tially  carcinogenic  constituents  are  present. 

When  liquid  fog  oil  is  injected  into  a  heated  chamber  (i.e.,  a  smoke  generator),  it  va¬ 
porizes  and  is  released  into  the  air.  Upon  contact  with  the  cooler  surrounding  air, 
the  gas  rapidly  condenses,  forming  an  aerosol  of  very  small  oil  droplets  between  0.5 
and  3.0  micrometers  (pm)  in  diameter  (Shinn  et  al.  1985,  Driver  et  al.  1993).  The 
typical  aerodynamic  size  distribution  of  fog  oil  aerosols  ranges  from  0.9  to  1.9  pm. 
Particles  of  this  size  are  estimated  to  have  settling  velocities  of  approximately  0.001 
to  0.03  cm/s  (Driver  et  al.  1993). 


Table  2.  Physical  and  chemical  properties  of  fog  oil  (derived  from  NRC  1997,  MILSPEC  1998). 


Characteristic 

Value 

Composition: 

Mineral  oil;  overhead  petroleum  fractions,  no 
carcinogenic  or  potential  carcinogenic  constituents 

Minimum  flash  point: 

160°  C 

Viscosity,  kinematic: 

3.40  to  4.17  at  100°C 

Pour  point,  °C  minimum: 

-40°  C 

Boiling  point: 

300  to  600°  C 

Neutralization  number,  maximum: 

0.1 

Ramsbottom  carbon,  %  vol.  maximum: 

0.2 

Water  and  sediment,  %  vol.  maximum: 

0.06 
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During  smoke  generation,  there  are  apparently  few  demonstrable  changes  in  the 
chemistry  and,  by  inference,  the  toxicity  of  fog  oil,  because  the  process  most  simply 
involves  a  phase  transformation  (i.e.,  vaporization;  Katz  et  al.  1980,  Poston  et  al. 
1986,  Driver  et  al.  2002a).  Known  changes  in  composition  include  a  97%  decrease 
in  naphthalene  concentration  and  a  slight  increase  in  the  number  and  concentration 
of  higher  molecular  weight  PAHs  (Table  3).  Studies  of  fog  oil  smoke  samples  gener¬ 
ally  show  a  shift  in  molecular  weight  of  the  unspeciated  hydrocarbons  when  com¬ 
pared  to  the  parent  oil;  after  release,  heavier  compounds  (C  to  C  )  increase  while 
lighter  hydrocarbons  (<  C10)  decrease.  These  same  studies  show  that  generated  fog 
oil  smoke  contained  >99.2%  parent  fog  oil,  with  no  aromatic,  volatile,  or  semi¬ 
volatile  organic  compounds  detected  at  concentrations  larger  than  0.8%  (3D/1 1996). 


Table  3.  Fog  oil  composition  before  and  after  generation  (from  Driver  et  al.  2002b). 


Constituent 

Concentration  (pg/g  Fog  Oil) 

Before  Generation 

After  GenerationA 

Lower  Molecular  Weight  PAHs: 

Naphthalene 

78.5 

1.8 

1 -methyl  naphthalene 

98.3 

<MDLb 

Biphenyl 

22.2 

<MDL 

2,6  dimethyl  naphthalene 

110.0 

<MDL 

Acenaphthylene 

2.4 

2.5 

Acenaphthene 

3.5 

3.2 

2,3,5  trimethyl  naphthalene 

70.7 

<MDL 

Fluorene 

19.1 

21.5 

Dibenzothiophene 

63.9 

264.0 

Phenanthrene 

40.8 

162.0 

Anthracene 

3.6 

15.2 

1  methyl  phenanthrene 

49.2 

<MDL 

Fluoranthene 

2.2 

27.2 

Higher  Molecular  Weight  PAHs: 

Pyrene 

14.7 

40.2 

Benzo(a)anthracene 

1.8 

14.5 

Chrysene 

9.3 

57.2 

Benzo(b)fluoranthene 

2.5 

MDL 

Benz(k)fluoranthene 

<MDL 

<MDL 

Benzo(e)pyrene 

2.2 

<MDL 

Benzo(a)pyrene 

0.5 

<MDL 

Perylene 

1.1 

<MDL 

lndeno(123-cd)pyrene 

<MDL 

<MDL 

Dibenzo(a,h)anthrancene 

<MDL 

<MDL 

Benzo(g,h,i)perylene 

0.6 

<MDL 

A  No  PAHs  were  observed  in  the  generated  aerosol  during  the  exposure  sampling.  Post-generation  values  from  a 
previous  study  (Driver  et  al.  2002a)  in  which  2-  and  3-hour  collections  were  made  are  reported. 

BLess  than  the  minimum  detection  limit. 
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The  concentration  of  fog  oil  aerosols  and  rates  of  deposition  are  dynamic  and  highly 
dependent  on  local  conditions  such  as  the  length  of  the  military  training  exercise, 
distance  from  the  source  (i.e.,  generator),  wind  currents,  temperature,  humidity,  lo¬ 
cal  terrain,  and  precipitation.  Many  estimates  of  airborne  and  deposition  concen¬ 
trations  are  available  (e.g.,  Liss-Suter  and  Villaume  1978,  Muhly  1983,  Shinn  et  al. 
1985).  However,  the  models  of  Driver  et  al.  (1993)  incorporate  the  complex  atmos¬ 
pheric  conditions  that  affect  fog  oil  smoke  dispersion  and  deposition.  Using  these 
models,  Getz  et  al.  (1996)  have  estimated  the  maximum  airborne  and  deposition 
concentrations  of  fog  oil  expected  during  training  exercises  (Table  4).  The  airborne 
concentrations  of  PAHs  in  fog  oil  aerosols  have  been  estimated  by  Driver  et  al. 
(2002a;  Table  5). 

Table  4.  Estimates  of  fog  oil  concentrations  resulting  from  typical  smoke  screening  operations 
at  given  distances  from  the  source  (from  Getz  et  al.  1996).A 


Air  Concentration6 

Distance  (meters) 

Average  (mg/m3) 

Range  (mg/m3) 

100 

64 

25-102 

200 

56 

8  - 105 

500 

46 

1.3-90 

1000 

13 

0.8-25 

Aquatic  Concentrations6 

Distance  (meters) 

■AIJJAIJJ1J1,UM:AUJJI.,1.IJ.,« 

100 

3080 

160-  6000 

200 

1030 

960  -  2000 

500 

243 

6-480 

1000 

101 

2.4  -  200 

Surface  Deposition0 

Distance  (meters) 

At  the  end  of  the  smoking  period 

100 

3080 

160  -  6000 

200 

1030 

960  -  2000 

500 

243 

6-480 

1000 

101 

2.4  -  200 

1  hour  after  stopping  the  smoking 

100 

2000 

104  -3900 

200 

670 

40  -  1300 

500 

158 

3.9-312 

1000 

66 

1.6-130 

1  week  after  stopping  the  smoking 

100 

462 

24  -  900 

200 

154 

9-300 

500 

36.5 

0.9-72 

1000 

15 

0.4  -  30 

A  The  values  represent  midpoints  (average)  of  the  lowest  and  highest  (range)  estimated  concentrations  predicted  from  models  based 
on  the  six  sets  of  environmental  conditions  in  Driver  et  al.  1993.  The  models  are  based  on  a  2-hour  release  at  a  rate  of  80  gal 

(302L)  per  hour. 

B  Estimates  of  concentrations  present  during  the  release. 

c  Based  on  the  assumption  that  all  the  fog  oil  released  deposits  on  the  surface  deposits  of  the  water  and  becomes  incorporated  in 
the  water  column;  pools  are  assumed  to  be  1  m  deep.  Thus  surface  deposition  in  mg/m2  translates  to  total  concentration  in  mg/m3. 
However,  in  reality,  oils  do  not  mix  with  water.  The  contrary  assumption  is  made  to  facilitate  calculation  of  theoretical  total 

concentration. 

D  Total  accumulation  based  on  the  untested  assumption  that  all  the  fog  oil  released  deposits  from  the  air  into  an  area  1 000  m  by  1 000  m. 
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Table  5.  Estimated  airborne  concentrations  of  polycyclic  aromatic  hydrocarbons  in  fog  oil 


aerosols  (from  Driver  et  al.  2002a). 


Constituent 

Mean  Concentration 
(|jg/m3)A 

Low  Molecular  Weight  PAHs: 

Naphthalene 

0.5 

Acenaphthylene 

1.1 

Acenaphthene 

1.3 

Fluorene 

8.1 

Dibenzothiophene 

99.2 

Phenanthrene 

60.9 

Anthracene 

5.9 

Fluoranthene 

10.2 

High  Molecular  Weight  PAHs: 

Pyrene 

15.4 

Benzo(a)anthracene 

5.6 

Chrysene 

21.5 

Benzo(g,h,i)perylene 

1.0 

A  Airborne  concentration  of  individual  constituent  at  generation  of  the 
400  mg/m3  aerosols  estimated  from  deposition  composition. 

Fog  oil  smoke  clouds  vary  in  size  and  configuration,  depending  on  the  area  to  be  ob¬ 
scured,  the  wind  speed,  and  fluctuations  in  wind  direction.  Fog  oil  smoke  plumes 
often  include  areas  ±  45  degrees  from  the  mean  vector  of  the  plume  (Driver  et  al. 
1993).  Aerosol  smoke  clouds  as  large  as  1500  x  3000  m  can  result.  However,  under 
most  conditions  smaller  clouds  are  generated.  Therefore,  a  reasonable  estimate  of 
the  area  for  a  typical  release  is  1000  by  1000  m  (Getz  et  al.  1996).  The  vertical  or 
elevational  extent  of  fog  oil  smoke  clouds  is  also  variable  and  likewise  depends  on 
local  meteorological  conditions.  Fog  oil  smoke  concentrations  within  the  cloud  tend 
to  be  greatest  close  to  the  ground  (i.e.,  <  5  m)  and  decrease  rapidly  with  increasing 
height. 

Local  meteorological  conditions,  site  geography,  and  surface  terrain  affect  fog  oil 
smoke  dispersion,  making  airborne  concentrations  highly  variable  (Driver  et  al. 
1993).  However,  concentrations  are  almost  always  highest  near  the  generator  and 
rapidly  decline  as  distance  increases  (Driver  et  al.  1993).  Exposure  to  fog  oil  smoke 
aerosols  is  possibly  of  a  shorter  duration  than  is  exposure  to  possible  fog  oil  obscur¬ 
ant  smoke  residues. 


Fog  oil  smoke  is  a  mist  composed  of  liquid  particles  (Driver  et  al  1993).  Fog  oil 
droplets  can  remain  airborne  for  long  periods  of  time,  but  ultimately  evaporate  or 
deposit  onto  environmental  surfaces,  such  as  soils,  vegetation,  and  organisms. 
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Deposition  rates  are  determined  in  part  by  local  meteorological  conditions,  site  ge¬ 
ography,  and  surface  morphology.  Deposition  rates  decline  with  distance  from  the 
source  (Donald  Cropek,  Chemist,  U.S.  Army  Engineer  Research  and  Development 
Center-Construction  Engineering  Research  Laboratory,  Professional  Communica¬ 
tion)  and  are  probably  insignificant  at  distances  greater  than  20  to  25  m  (Policastro 
1989,  Liljegren  et  al.  1988,  Liljegren  et  al.  1989).  Due  to  a  lack  of  fog  oil  smoke 
aerosol  deposition  on  both  vertical  and  horizontal  surfaces  under  field  release  condi¬ 
tions,  detection  of  deposited  fog  oil  smoke  can  be  problematic  (Liljegren  et  al.  1988). 
Deposition  increases  as  wind  speed  increases  beyond  6  mph  (10  kph)  (Cataldo  et  al. 
1989).  Elevated  deposition  rates  are  also  likely  during  temperature  inversions  and 
precipitation  (Getz  et  al.  1996). 

Fog  oil  smoke  residues  evaporate  at  relatively  rapid  rates,  suggesting  little  poten¬ 
tial  for  long-term  accumulation  in  the  environment.  At  0  to  40°C  approximately 
30%  to  40%  of  fog  oil  residues  will  evaporate  within  1  hour;  within  1  week,  about 
80%  to  90%  of  the  fog  oil  will  evaporate  (Driver  et  al.  1993).  Initial  evaporation 
rates  decline  over  time,  as  the  remaining  constituents  have  lower  vaporization 
rates.  Once  deposited,  resuspension  and  redeposition  of  fog  oil  residues  is  unlikely 
due  to  the  natural  adhesive  properties  of  fog  oil.  However,  there  may  be  some  po¬ 
tential  for  redistribution  if  deposition  occurs  on  soils  prone  to  wind  or  water  erosion 
(Driver  et  al.  1993). 

Fog  oil  smoke  residues  degrade  over  time  via  natural  biotic  and  abiotic  mechanisms 
including  chemical,  photochemical,  photolytic,  and  microbial  action  (Poston  et  al. 
1988,  Driver  et  al.  1993).  Degradation  rates  are  dependent  on  local  environmental 
conditions  such  as  temperature,  relative  humidity,  moisture  level,  and  surface  tex¬ 
ture.  Because  certain  chemical  constituents  may  bioaccumulate  in  the  environ¬ 
ment,  it  is  difficult  to  establish  or  estimate  the  period  over  which  fog  oil  obscurant 
smoke  is  biologically  available  (Driver  et  al.  1993).  The  fog  oil  currently  in  use 
meets  a  specification  different  from  that  manufactured  prior  to  1986.  Fog  oil  of  this 
more  recent  manufacture  should  not  bioaccumulate,  but  studies  have  still  not  de¬ 
termined  the  period  for  which  it  is  biologically  available  (3D/I  1996). 


Ecosystem  Components  Potentially  at  Risk 

The  second  task  in  the  problem  formulation  stage  is  identification  of  the  ecological 
component,  ecosystem,  or  ecosystem  properties  that  are  at  risk. 
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Red-cockaded  Woodpecker 

The  natural  history  and  ecology  of  the  red-cockaded  woodpecker  has  received  con¬ 
siderable  attention  from  wildlife  and  other  endangered  species  biologists  (Thompson 
1971,  Wood  1983,  Jackson  1994,  Kulhavy  et  al.  1995,  Conner  et  al.  2001).  In  addi¬ 
tion,  a  recovery  plan  as  called  for  under  the  Endangered  Species  Act  has  been  pre¬ 
pared  (Jackson  et  al.  1979,  Lennartz  and  Henry  1985),  and  is  now  in  its  second  revi¬ 
sion  (USFWS  2003).  Red-cockaded  woodpecker  biology  has  been  summarized  by 
Jackson  (1994)  and  others  (USFWS  2003). 

The  red-cockaded  woodpecker  is  a  year-round  resident  bird 1  endemic  to  open  ma¬ 
ture  pine  forests  of  the  southeastern  United  States.  Loss  of  habitat,  fragmentation 
of  populations,  and  reduction  in  population  size  led  to  Federal  listing  of  the  red- 
cockaded  woodpecker  as  an  endangered  species  in  1970  [35  Federal  Register  16047], 
In  addition  to  protection  of  populations,  endangered  species  status  also  mandates 
the  protection  of  habitat,  and  to  a  degree  generally  not  found  in  other  Federal  stat¬ 
utes  dealing  with  wildlife,  the  protection  of  individuals.  Undoubtedly,  maintenance 
of  overall  ecosystem  function  is  critical  for  ensuring  the  long-term  viability  of  red- 
cockaded  woodpecker  populations  and  the  integrity  of  the  species’  habitat.  This  will 
require  that  key  components  of  the  open  southern  pine  ecosystem  are  preserved  and 
maintained.  Consequently,  in  this  assessment  we  identify  components  of  the  eco¬ 
system  —  soils,  vegetation,  and  fauna  hypothesized  to  be  integral  for  maintenance 
of  red-cockaded  woodpecker  habitats  and  populations. 

The  overriding  threat  to  red-cockaded  woodpecker  abundance  is  lack  of  suitable 
habitat  (USFWS  2003).  Table  6  lists  some  specific  habitat  factors  and  related  re¬ 
search  sources. 

Other  factors,  including  those  as  yet  unidentified  and  others  for  which  the  impor¬ 
tance  has  not  been  determined,  may  pose  a  threat  to  red-cockaded  woodpeckers. 
These  threats  may  include  exotic  species  (e.g.,  melaleuca,  Melaleuca  quinquenervia\ 
red  imported  fire  ants,  Solenopsis  invicta )  and  environmental  contaminants 
(USFWS  2003).  In  a  broad  sense,  fog  oil  obscurant  smoke  can  be  considered  a  po¬ 
tential  environmental  contaminant. 


Although  nonmigratory  in  behavior  and  a  year-round  resident  in  areas  of  its  occurrence,  the  species  is  nonetheless 
considered  to  be  migratory  for  purposes  of  the  Migratory  Bird  Treaty  Act  and  is  afforded  protection  in  accordance 
with  that  authority  (see  50  CFR  10.13;  Executive  Order  13186). 
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Table  6.  Sources  of  habitat  information  for  the  red-cockaded  woodpecker. 


Factor 

Source 

Scarcity  of  open,  mature  pine  woods 

Lennartz  etal.  1983a,  1983b,  Frost  1993,  Simberloff 
1993,  Ware  etal.  1993 

Degradation  due  to  hardwood 
midstory  encroachment 

Hooper  et  al.  1 980,  Conner  and  Rudolph  1 989 

Fire  suppression  and 
silviculture  practices 

Ligon  et  al.  1 986, 1991,  Baker  1 995,  Cely  and  Ferral 
1995,  Masters  et  al.  1995,  Conner  et  al.  2001 

Shortage  of  suitable  nesting  cavity  trees 

Costa  and  Escano  1989,  James  1995,  Hardesty  et 
al.  1995,  Conner  1995 

Loss  and  fragmentation  of  habitat 

Conner  and  Rudolph  1991 

Scarcity  of  adequate  foraging  habitat 

Conner  and  Rudolph  1991,  Walters  et  al.  2000a, 
2000b,  James  et  al.  2001 

Demographic  isolation  and  risks  inherent 
with  small  populations 

Schaffer  1981,  1987,  Walters  et  al.  1988a,  Walters 
1991,  Connor  and  Rudolph  1991,  Hooper  and 
Lennartz  1995 

Ecosystem  —  General 

The  current  range  of  the  red-cockaded  woodpecker  is  discontinuous  and  fragmented, 
with  localized  populations  occurring  in  the  few  remaining  stands  of  extensive,  ma¬ 
ture  (i.e.,  80  to  100  years  old)  pine  forest  (Lennartz  et  al.  1983a;  Figure  3).  Histori¬ 
cally,  the  forest  type  most  commonly  inhabited  by  the  red-cockaded  woodpecker  was 
longleaf  pine  ( Pinus  palustris;  Conner  et  al.  2001),  but  within  its  geographic  range 
the  red-cockaded  woodpecker  also  utilizes  other  pine  species  including  loblolly  (P. 
serotina),  shortleaf  (P.  echinata),  slash  (P  elliottii),  and  Virginia  pines  (P  virginiana ; 
Hovis  and  Labisky  1985,  Jackson  1994).  Longleaf  forests  once  ranged  over  much  of 
the  southeastern  United  States  (Ware  et  al.  1993)  and  may  have  covered  over  59 
million  acres  before  European  settlement  (Hanula  et  al.  2000a).  Due  in  large  part 
to  widespread  timber  harvesting  and  replacement  by  slash  and  loblolly  pine  mono¬ 
cultures,  these  forests  are  now  reduced  to  comparatively  small  and  isolated  parcels 
totaling  perhaps  3  million  acres  (Outcalt  and  Sheffield  1996).  It  is  estimated  that 
only  2%  to  3%  of  the  original  longleaf  forests  now  remain  (Frost  1993,  Ware  et  al. 
1993).  Current  slash  and  loblolly  pine  plantations  are  typically  comprised  solely  of 
even-aged  trees  and  the  most  popular  management  regime  calls  for  short  rotation 
times  (e.g.,  less  than  30  years;  Means  and  Grow  1985,  Hermann  1993). 
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Figure  3.  Red-cockaded  woodpecker  range  based  on  county  occurrences 
(adapted  from  USFS  1995). 


The  longleaf  pine  forest  of  the  southeastern  United  States  is  a  pyroclimax  commu¬ 
nity  —  part  of  an  ecosystem  maintained  by  regular  fire  events  (Platt  et  al.  1988a, 
1988b).  Under  the  natural  fire  regime,  frequent  (i.e.,  every  3  to  5  years)  spring  and 
early-summer  fires  prevent  most  tree  species,  except  longleaf,  from  becoming  estab¬ 
lished  (Robbins  and  Myers  1992).  Longleaf  trees  are  widely  spaced,  creating  a 
sparse  canopy  that  permits  development  of  diverse  shrub  and  graminaceous  (grass) 
groundcover  layers  (Platt  et  al.  1988a,  1988b).  But  when  fires  are  suppressed, 
hardwood  species  (e.g.,  sweet  gum,  Liquidambar  styraciflua  and  oaks  Quercus  spp.) 
quickly  form  a  dense  midstory  and  shade  out  native  groundcover  species.  Although 
fire  suppression  on  public  and  private  lands  has  degraded  much  of  the  red-cockaded 
woodpecker  habitat,  periodic  fires  resulting  from  military  training  activities  have 
contributed  to  the  maintenance  of  large  areas  of  suitable  red-cockaded  woodpecker 
habitat  on  military  lands.  Military  installations  also  generally  conduct  extensive 
forest  management,  including  tree  thinning  and  prescribed  burning  specifically  to 
promote  suitable  red-cockaded  woodpecker  habitat  (Hayden  1997b).  Because  of  the 
combination  of  fortuitous  fire  events  and  management  efforts,  the  resulting  red- 
cockaded  woodpecker  habitat  and  populations  on  military  lands  play  an  increas¬ 
ingly  important  role  in  the  recovery  of  the  species  (USFWS  2003). 

As  cavity  availability  has  been  shown  to  limit  population  abundance,  loss  of  nesting 
cavities  to  kleptoparasites  is  also  likely  to  impact  population  size  (Conner  1995). 
Both  avian  (e.g.,  red-bellied  woodpecker,  Melanerpes  carolinus ;  eastern  bluebird 
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Sialia  sialis;  northern  flicker,  Colaptes  auratus;  red-headed  woodpecker,  Melanerpes 
erythrocephalus;  great  crested  flycatcher,  Myiarchus  crinitus)  and  mammalian  spe¬ 
cies  (e.g.,  southern  flying  squirrel,  Glaucomys  volans)  are  known  to  usurp  red- 
cockaded  woodpecker  cavities  (Harlow  and  Lennartz  1983).  Kleptoparasitism  often 
leads  to  reproductive  failure  for  the  breeding  season.  Therefore,  any  changes  in  the 
abundance  of  kleptoparasitic  species  may  indirectly  influence  the  red-cockaded 
woodpecker. 

A  variety  of  reptilian,  avian,  and  mammalian  predators  are  known  to  prey  on  the 
red-cockaded  woodpecker  (Martin  and  Boyce  1993).  Corn  snakes  (Elaphe  gutatta) 
and  rat  snakes  ( Elaphe  obsolete )  prey  on  nestlings,  eggs,  and  possibly  adults.  Avian 
predators  include  the  eastern  screech  owl  ( Otus  asio )  and  American  kestrel  ( Falco 
sparverius).  Southern  flying  squirrels  may  eat  eggs  and  small  nestlings  (Jackson 
1994).  However,  the  mechanisms  that  limit  red-cockaded  woodpecker  populations 
are  not  dominantly  related  to  predation,  but  instead  are  associated  with  resource 
(i.e.,  habitat)  availability  (James  et  al.  1997,  USFWS  2003). 

Ecosystem  —  U.S.  Army  Installations 

The  natural  history  and  ecology  of  the  red-cockaded  woodpecker  on  Army  and  other 
military  installations  does  not  materially  differ  from  that  at  other  sites  within  its 
range  (Conner  et  al.  2001,  USFWS  2003).  Physiographic  and  habitat  features  rela¬ 
tive  to  the  red-cockaded  woodpecker  on  Army  installations  with  important  red- 
cockaded  woodpecker  populations  (Table  1,  page  11)  have  been  described  by  Hayden 
(1997a).  The  ecological  characteristics  of  established  red-cockaded  woodpecker  re¬ 
covery  units  (USFWS  2003),  as  part  landscape-scale  ecoregions,  have  been  described 
by  Austin  (1965)  and  Bailey  (1995,  1998). 

Fort  Benning,  GA;  Fort  Bragg,  NC;  and  Fort  Stewart,  GA;  all  of  which  have  primary 
core  populations’15  of  red-cockaded  woodpeckers,  have  forest  lands  dominated  by  pine 
and  mixed  pine-hardwoods,  as  does  Camp  Mackall,  NC.  Fort  Polk,  LA,  which  also 
contains  part  of  a  primary  core  population  of  red-cockaded  woodpeckers,  has  an  up¬ 
land  vegetation  component  composed  primarily  of  and  dominated  by  pine.  Other 


A  primary  core  population,  as  identified  in  the  recovery  criteria,  contains  at  least  350  potential  breeding  groups  at 
the  time  of  and  after  delisting.  Populations  are  defined  by  biological  boundaries  (USFWS  2003).  A  group  is  con¬ 
sidered  the  social  unit  in  red-cockaded  woodpeckers  and  consists  of  a  breeding  pair  with  one  or  more  helpers,  a 
breeding  pair  without  helpers,  or  a  solitary  male  (USFWS  2003). 
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Army  installations  with  smaller,  but  nonetheless  significant,  support  populations^' 
of  red-cockaded  woodpeckers,  including  Fort  Gordon,  GA;  Fort  Jackson,  SC;  and 
Military  Ocean  Terminal,  Sunny  Point,  NC,  have  forest  vegetation  communities 
composed  primarily  of  pine  and  pine-hardwood  complexes.  The  vegetation  commu¬ 
nities  found  on  Army  and  other  military  installations  with  red-cockaded  woodpecker 
populations  are  representative  of  the  region.  Concurrently,  Army  lands  contain 
some  of  the  best  remaining  red-cockaded  woodpecker  habitat,  in  part  because  of 
past  land  and  resource  stewardship  actions. 


Ecological  Effects 

In  an  ecological  risk  assessment,  the  available  information  on  the  stressor(s)  and 
the  ecological  component(s)  of  concern  is  examined  to  determine  any  potential  direct 
and/or  indirect  effects.  For  example,  a  species  may  experience  negative  health  ef¬ 
fects  after  being  exposed  to  a  chemical  via  prey  consumption.  Alternately,  a  species 
may  suffer  declines  in  food  availability  if  the  chemical  affects  important  prey  species 
(Barnthouse  and  Brown  1994). 

Maintenance  of  viable  red-cockaded  woodpecker  populations  is  dependent  on  the 
maintenance  and  protection  of  suitable  habitat.  Long-term  habitat  protection  re¬ 
quires  maintenance  of  the  integrity  of  ecosystem  properties,  including  basic  proc¬ 
esses  such  as  primary  productivity,  but  also  including  ecosystem  structure.  In  addi¬ 
tion  to  the  possibility  of  direct  toxicity  effects  to  the  red-cockaded  woodpecker, 
indirect  and  harmful  effects  on  the  species’  habitat  may  also  be  important.  In  this 
step  of  the  risk  assessment  process,  the  available  information  on  the  toxicological 
effects  of  fog  oil  obscurant  on  wildlife  and  the  critical  components  of  red-cockaded 
woodpecker  habitat  are  summarized  and  evaluated. 

Unfortunately,  the  majority  of  the  available  toxicity  data  on  fog  oil  are  based  on 
laboratory  experiments  using  old  fog  oilt,  which  may  have  substantially  different 
toxicity  than  fog  oil  as  it  is  currently  produced  (Driver  et  al.  1993,  Getz  et  al.  1996, 


All  known  populations  not  designated  as  a  primary  or  secondary  core  population  (USFWS  2003). 

t  Fog  oil  produced  prior  to  1986,  termed  “old”  fog  oil,  is  no  longer  used.  This  significant  modification  is  important  in 
evaluating  toxicity,  since  “new"  fog  oil  (i.e.,  produced  after  1986)  is  presumably  much  less  toxic  than  old  fog  oil. 
Flenceforth,  the  use  of  the  terms  “fog  oil”  and  “fog  oil  smoke”  refer  to  fog  oil  produced  after  1986;  the  term  “old  fog 
oil”  will  be  used  in  reference  to  fog  oil  produced  prior  to  1986.  Also  note  the  time  frame  for  published  studies  on 
fog  oil  effects,  since  they  may  have  taken  place  before  this  reformulation  or  they  may  have  used  the  older  formula¬ 
tion  without  specifically  stating  it. 
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Driver  et  al.  2002a).  Additionally,  most  studies  are  also  based  on  unrealistically 
high  doses  (i.e.,  concentrations  or  exposure  times  much  greater  than  that  predicted 
to  occur  in  the  field);  thus,  actual  impacts  are  likely  to  be  less  due  to  lower  exposure 
rates.  Also,  any  toxicity  of  fog  oil  is  not  necessarily  representative  of  or  comparable 
to  toxicity  of  fog  oil  smoke.  The  heat  used  in  generating  fog  oil  smoke,  along  with 
other  factors  including  vaporization,  photolytic  processes,  and  climactic  or  meteoro¬ 
logical  conditions,  may  all  serve  to  affect  toxic  characteristics.  Furthermore,  there 
is  little  information  available  on  the  chronic  toxicity  of  fog  oil  or  fog  oil  smoke.  Find¬ 
ings  published  prior  to  1986  are  almost  certainly  based  on  old  fog  oil,  and  those  pub¬ 
lished  after  1986  don’t  necessarily  refer  to  the  newer,  currently  manufactured  fog  oil 
unless  so  stated. 

Effects  on  Vertebrate  Wildlife 

Data  and  information  on  the  effects  and  impacts  of  fog  oil  on  wildlife  species  are 
sparse.  Yanders  et  al.  (1985)  indicate  that  fog  oil  is  weakly  mutagenic  to  rodents 
exposed  in  the  wild.  Although  data  on  the  toxicity  and  carcinogenicity  of  fog  oil  on 
wildlife  are  limited,  the  effects  of  inhalation,  ingestion,  and  dermal  exposure  of  labo¬ 
ratory  mammals  to  various  petroleum  products  have  been  investigated  (Bingham  et 
al.  1965;  Costa  and  Amdur  1979;  Grose  et  al.  1985,  1986;  Jepsen  et  al.  1977; 
Lushbaugh  1950;  Mayhew  et  al.  1985;  Selgrade  et  al.  1987,  1990;  Wagner  et  al. 
1964).  In  lab  mammals,  oil  aerosols  are  known  to  have  only  moderate  and  largely 
reversible  respiratory  effects,  such  as  the  development  of  oil-filled  macrophages 
(Shoshkes  et  al.  1950).  Similarly,  no  data  on  the  effects  and  impacts  of  inhaled  fog 
oil  aerosols  are  available  for  any  avian  species  prior  to  the  recent  Army-sponsored 
research  (Driver  et  al.  2002a,  2002b,  2004). 

Extrapolating  findings  from  lab  mammals  to  avian  species  is  problematic  because 
they  have  considerably  different  body  size,  behavior,  physiology,  metabolism,  and 
sensitivity.  This  caveat  is  particularly  true  when  extrapolating  findings  on  inhala¬ 
tion  effects  from  mammals  to  birds,  because  the  respiratory  rate  of  birds  is  much 
greater  than  that  of  mammals  of  equivalent  body  size  (Phalen  1984).  Higher  respi¬ 
ratory  rates  are  likely  to  result  in  greater  inhalation  exposure.  Morphological  dif¬ 
ferences  in  avian  and  mammalian  respiratory  systems  could  also  lead  to  very  differ¬ 
ent  exposure  rates  and/or  health  effects.  Certain  chemical  constituents  of  fuel  and 
crude  oils  are  known  to  be  particularly  toxic  to  birds.  For  example,  some  lower  mo¬ 
lecular  weight  (<4  benzene  rings)  PAHs,  such  as  naphthalene,  are  known  to  be  par¬ 
ticularly  toxic  to  birds  (Peakall  et  al.  1981,  1982). 

Little  is  known  about  the  effects  of  fog  oil  ingested  by  wildlife.  However,  the  toxicity 
of  lubricating  oils  is  generally  low,  and  chronic  oral  uptake  of  highly  refined  oils  is 
not  tumorgenic  in  laboratory  animals  (Roush  et  al.  1980).  Similarly,  daily  oral  doses 
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of  crude  oil  or  SFG  No.  2  fuel  oil  has  not  been  shown  to  cause  body  or  organ  weight 
changes  in  waterfowl  (Holmes  and  Cronshaw  1977).  Yet,  ingestion  of  fuel  oils  has 
been  shown  to  affect  avian  fecundity;  symptoms  include  interruption  of  egg  produc¬ 
tion  and  anomalies  in  yolk  deposition  (Grau  et  al.  1977).  In  addition,  small  amounts 
of  crude  and  refined  (e.g.,  diesel)  oils  are  known  to  affect  embryonic  development,  if 
applied  to  the  surface  of  avian  eggs  (Kopischke  1972,  Albers  1977,  White  et  al.  1979, 
Trivelpiece  at  al.  1984,  Macko  and  King  1980).  Applying  petroleum  compounds  to 
eggs  or  otherwise  exposing  eggs  to  petroleum  compounds  is  also  known  to  cause 
embryo  mortality  (Hoffman  1990).  If  eggs  are  excessively  exposed,  or  if  petroleum 
or  vegetable  oils  are  applied  freely  to  egg  surfaces,  embryo  mortality  will  occur  due 
to  interference  with  normal  respiratory  atmospheric  exchanges  through  the  shell. 
Note  however,  that  this  route  of  exposure  is  not  characteristic  of  military  fog  oil  use. 

Standard  grade  fuel  oils  are  considered  moderate  skin  irritants  (Mayhew  et  al. 
1985).  In  mammals,  symptoms  resulting  from  dermal  exposure  are  largely  reversi¬ 
ble  and  limited  to  erythema,  edema,  and  desquamation  (Mayhew  et  al.  1985).  Al¬ 
though  petroleum  products  are  known  to  cause  eye  damage  in  mammals,  fog  oil 
aerosols  are  not  considered  eye  or  skin  irritants  (Geraci  and  Smith  1977,  Mayhew  et 
al.  1985).  In  cases  of  oil  coating,  reduced  thermoregulatory  ability,  especially  in 
avian  species,  is  another  potentially  harmful  effect  (Hartung  1967,  McEwan  et  al. 
1974).  Data  on  the  effects  of  dermal  exposure  to  newer  manufactured  fog  oil  are  not 
available  for  birds  and  relatively  little  is  known  about  the  effect  of  fog  oil  or  fog  oil 
smoke  on  avian  endocrine,  reproductive,  immune,  physiological,  or  nervous  systems. 

Effects  of  Fog  Oil  Smoke  on  Avian  Species 

Due  to  the  paucity  of  relevant  data  on  fog  oil  smoke  and  the  limitations  of  extrapo¬ 
lation  from  petroleum  oil  information,  several  fog  oil  obscurant  smoke  toxicity  stud¬ 
ies  have  been  initiated  to  provide  information  on  the  effects  of  fog  oil  smoke  on  the 
red-cockaded  woodpecker  and  its  habitat  (Driver  et  al.  2002a,  2002b,  2004). 

Driver  et  al.  (2002a,  2000b,  2004)  found  no  toxicological  effects  in  the  red-winged 
blackbird  ( Agelaius phoeniceus),  house  sparrow  (Passer  domesticus),  and  northern 
bobwhite  (Colinus  virginianus )  after  exposures  at  up  to  twice  the  concentrations  ex¬ 
pected  under  usual  field  conditions  during  military  fog  oil  smoke  training  for  any  of 
the  suite  of  biological  parameters  examined  (Table  7).  The  red-winged  blackbird 
was  chosen  as  a  suitable  surrogate  species  based  on  similar  physical  size  (20  to  23 
cm  for  red- winged  blackbirds  and  red-cockaded  woodpeckers),  and  body  mass  (aver¬ 
age  47g  to  74g  for  females  and  40g  to  55g  for  males;  42g  to  45g  for  fledgling  red- 
cockaded  woodpeckers;  Ligon  1970,  Beletsky  1996,  Jackson  1994,  Conner  et  al. 
2001).  These  similarities  are  likely  to  result  in  similar  weight-specific  doses  via  in¬ 
halation  and  ingestion.  In  addition,  the  red-winged  blackbird  has  a  known  sensitiv- 
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ity  to  pollutants  (Shafer  1972,  Schafer  et  al.  1973,  Schafer  et  al.  1983).  The  expo¬ 
sure  rates  applied  in  that  study  were  based  on  maximum  estimated  field  exposures 
(i.e.  400  mg/m3,  for  up  to  4  hours,  corresponding  to  a  close  proximity  to  fog  generator 
for  extended  periods).  Ingestion  of  fog  oil,  from  preening  activities  of  fog  oil  poten¬ 
tially  deposited  on  feathers  during  smoke  generation  exercises,  was  calculated  to  be 
at  rates  of  10  to  20  times  lower  than  the  rates  of  exposure  to  unrefined  oils  that 
have  been  shown  to  cause  adverse  effects  in  other  avian  species  (Hartung  and  Hunt 
1966). 

Similarly,  Driver  et  al.  (2002b)  found  no  adverse  effects  attributable  to  fog  oil  smoke 
aerosol  exposure  on  the  hatchability  of  eggs,  fledgling  success,  or  the  survivability  of 
house  sparrow  young.  In  that  study,  eggs  and  nestlings  were  exposed  for  30  min¬ 
utes  at  fog  oil  smoke  aerosol  concentrations  of  up  to  450  mg/m3.  The  house  sparrow 
was  used  as  a  surrogate  because  it  typically  nests  in  cavities  of  similar  dimension  to 
those  of  the  red-cockaded  woodpecker  and,  like  the  red-cockaded  woodpecker,  is  al- 
tricial,  with  the  hatchlings  being  naked  and  with  a  potentially  greater  opportunity 
for  dermal  fog  oil  aerosol  exposure.  In  addition,  because  of  its  relatively  small  size, 
the  species  has  weight-specific  respiration  that  results  in  a  relatively  high  inhala¬ 
tion  rate  of  atmospheric  constituents  (Phalen  1984).  The  house  sparrow  also  has  a 
known  relative  sensitivity  to  environmental  pollutants  (Schafer  1972,  Schafer  et  al. 
1973,  Schafer  et  al.  1983). 

In  another  related  study,  Driver  et  al.  (2004)  reported  on  further  exposures  of  red¬ 
winged  blackbirds  and  house  sparrows  to  fog  oil  smoke  aerosol  concentrations  of  up 
to  450  mg/m3  and  averaging  300  mg/m3  and  430  mg/m3  for  each  species,  respectively. 
While  studies  involving  waterfowl  (e.g., mallard,  Anas  platyrhynchos )  have  shown 
that  ingestion  of  petrochemicals  reduced  resistance  (i.e.,  ability  of  leucocytes  to 
phagocytize  bacterial  disease  (such  as  avian  cholera;  Rocke  et  al.  1984),  no  immuno¬ 
suppression  (i.e.,  lack  of  leukocyte  depression  or  hemolytic  anemia)  was  observed  in 
red-winged  blackbirds  challenged  with  viral  avian  pox.  Similarly,  no  immunosup¬ 
pression  was  observed  in  house  sparrows  challenged  with  sheep  erythrocytes.  Addi¬ 
tionally,  no  mortality,  chemical  signs  of  toxicity,  long  term  organ  dysfunction,  or  sig¬ 
nificant  histopathology  was  observed  in  either  species.  While  the  liver  mass  of  fog 
oil  smoke  aerosol  exposed  red-winged  blackbirds  was  reduced,  the  reason  for  this 
was  unclear  and  the  end  point  metabolite  levels  in  peripheral  blood  indicated  that 
the  functional  integrity  of  major  organ  systems  was  intact. 

In  a  related  study  (3D/I  1997),  no  chronic  inhalation,  ingestion,  or  dermal  absorp¬ 
tion  effects  were  determined  for  eggs,  sub-adult,  or  adult  American  robins  ( Tardus 
migratorius )  subject  to  fog  oil  smoke  exposure  from  Army  fog  oil  smoke  testing  and 
training  events. 
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Table  7.  Summary  of  toxicological  and  other  effects  of  exposure  to  fog  oil  obscurant  smoke  in 
red-cockaded  woodpecker  surrogates.*’6 


Parameter 

Effect 

Dermal  deposition 

Greatly  below  acute  dose  resulting  in  drop  in 
body  temperature 

Dermal  absorption 

No  chronic  effects  observed 

Body  temperature 

No  behavioral  indications  of  body  heat  loss 

Food  consumption 

No  behavioral  indications  of  increased  feeding 
activity 

Ingestion 

No  chronic  effects  observed 

Weight  loss 

Not  observed 

Diminished  carcass  condition 

(wasted  fat  and  muscle  tissue) 

Not  observed 

Behavior 

No  changes  observed 

Indications  of  stress 

(fluffed  feathers,  gaping,  lowered  posture) 

None  observed 

Muscular  atrophy 

Not  observed 

Depleted  body  fat 

Not  observed 

Plumage  characteristics 

No  changes  observed 

Diarrhea,  vent  staining 

None  observed 

Exudates  from  eyes  or  nares 

None  observed 

Air  sacs 

Clear 

Gross  lesions 

(ileum,  spleen,  bill) 

None  attributable  to  exposure 

Histopathological  lesions 

(lung,  liver,  proventriculus) 

None  attributable  to  exposure 

Parasites,  enteric 

(protozoa,  helminthes) 

No  differences  attributable  to  exposure 

Body  weight,  male  and  female 

No  differences  attributable  to  exposure 

Liver  weight 

No  differences  attributable  to  exposure 

Respiratory  function 

(frequency,  minute  ventilation) 

No  changes  observed 

Inhalation 

No  chronic  effects  observed 

Deposition  on  eggs 

Not  detectable  in  92%  of  exposures 

Hatching  success 

No  differences  attributable  to  exposure 

Fledgling  success 

(survival  to  140  days) 

No  differences  attributable  to  exposure 

Immune  response 

No  changes  observed 

White  blood  cell  count 

No  differences  attributable  to  exposure 

Hemolytic  anemia 

None  observed 

Hematocrit 

No  changes  observed 

Peripheral  blood  metabolites 

No  differences  attributable  to  exposure 

Bioaccumulation 

No  differences  attributable  to  exposure 

A Summarized  from  Driver  etal.  2002a,  2002b,  2004;  3D/I  1996,  1997. 

B  Surrogate  species  include  red-winged  blackbird,  house  sparrow,  northern  bobwhite,  and  American 
robin. 
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Effects  on  Invertebrates 

The  effects  of  fog  oil  or  fog  oil  obscurant  smoke  on  invertebrates  are  not  well  docu¬ 
mented.  Invertebrates  (e.g.,  termites,  ants,  and  earthworms)  play  an  important  role 
in  the  physical  and  biological  breakdown  of  organic  matter  in  terrestrial  ecosystems, 
thereby  promoting  microbial  decay  and  nutrient  cycling.  In  soils,  earthworms  are 

particularly  important  for  maintaining  soil  aeration,  increasing  water  infiltration, 

2 

and  facilitating  decomposition.  At  surface  deposition  rates  of  up  to  800  pg/cm  ,  fog 
oil  does  not  cause  adverse  effects  in  earthworm  cocoon  hatch,  or  survival  of  young 
and  adults  (Cataldo  et  al.  1989).  Furthermore,  at  concentrations  28  times  higher 

than  maximum  field  deposition  rates  (equivalent  to  aerial  deposition  of  3,600 

2 

pg/cm  )  earthworm  survival  was  100%  (Cataldo  et  al.  1989). 

At  sites  where  long-term  (i.e.,  10  years  or  more)  exposure  to  fog  oil  smoke  aerosols 
has  taken  place  (such  as  the  former  site  of  the  U.  S  Army  Chemical  Training  School 
at  Fort  McClellan,  AL),  there  were  no  statistically  significant  differences  in  concen¬ 
trations  of  fog  oil  hydrocarbons  in  insect  tissue  between  exposure  and  reference 
sites  (3D/1 1996).  This  study  looked  at  active  training  areas  so  concentrations  were 
at  true  field  levels.  Further,  use  of  field  fog  oil  obscurant  smoke  at  the  chemical 
school  was  almost  certainly  more  frequent  and  of  higher  intensity  or  concentration 
than  any  use  for  general  soldier  training.  This  examination  tends  to  support  the 
hypothesis  that  long-term  fog  oil  smoke  exposure  at  field  sites  does  not  increase  con¬ 
centration  of  fog  oil  hydrocarbon  constituents  in  site  insects. 

Effects  of  fog  oil  smoke  exposure  to  the  pine  forest  arthropod  community  may  be 
important  to  the  red-cockaded  woodpecker  in  part  because  of  the  species’  reliance  on 
arthropods,  primarily  insects,  as  a  food  source  (Hanula  and  Franzeb  1998,  Hanula 
et  al.  2000a).  Wood  roaches  (Blatellidae)  in  particular  compose  a  major  portion  of 
the  red-cockaded  woodpecker  diet  (Hanula  and  Franzreb  1995,  Hanula  et  al.  2000b). 
Wood  roaches  appear  to  be  extremely  resistant  to  any  observable  effects  of  high 
laboratory  exposures  of  fog  oil  smoke  (Dennis  Strenge,  Pacific  Northwest  National 
Laboratory,  Richland,  WA,  professional  communication). 

Effects  on  Vegetation 

There  are  few  data  describing  the  effects  of  fog  oil  or  fog  oil  smoke  on  vegetation  and 
soils.  On  leaf  surfaces,  fog  oil  deposits  can  cause  moderate  toxicity  responses,  in¬ 
cluding  chlorosis,  leaf  burn,  and  necrotic  spotting  (Cataldo  et  al.  1989).  These 
symptoms  are  probably  caused  by  the  aliphatic  hydrocarbon  constituents  of  fog  oil, 
which  can  damage  cell  membrane  permeability  (Driver  et  al.  1993).  Other  investi¬ 
gations  have  discovered  no  observable  harmful  effects  on  vegetation,  and  have 
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shown  that  fog  oil  constituents  are  not  present  at  levels  higher  than  control  sites  in 
soil  and  vegetation  samples  (3D/1  1996).  Woody  species  seem  to  be  less  susceptible 
than  perennial  grasses,  which  can  suffer  reductions  in  biomass  production.  Appar¬ 
ently,  grasses  transfer  and  accumulate  fog  oil  constituents  to  below-ground  plant 
tissues  (Cataldo  et  al.  1989). 

Although  acute  exposure  to  fog  oil  may  have  no  lethal  effects  on  vegetation,  local 
primary  productivity  could  possibly  decline  over  longer  time  periods  (i.e.,  chronic 
exposures),  especially  if  vegetation  is  subject  to  exposures  during  the  growing  sea¬ 
son  (Cataldo  et  al.  1989).  Though  indirect,  such  long-term  impacts  to  local  habitats 
would  certainly  have  a  detrimental  effect  on  the  red-cockaded  woodpecker.  James 
et  al.  (1997)  provide  evidence  of  the  subtle  but  important  role  that  effects  on  habitat 
can  have  on  a  species’  biology.  They  recently  demonstrated  that  the  red-cockaded 
woodpecker  have  greater  reproductive  productivity  one  season  after  their  territories 
have  been  burned.  Up  to  25%  of  the  variation  in  group  size  can  be  accounted  for  by 
variation  in  ground-cover  composition;  red-cockaded  woodpecker  group  size  in¬ 
creases  with  the  percent  of  wiregrass  ( Aristida  stricta )  in  the  groundcover.  Mainte¬ 
nance  of  wiregrass  groundcover  is  highly  dependent  on  the  local  fire  regime  (i.e., 
frequency  and  seasonality).  Based  on  these  findings,  James  et  al.  (1997)  hypothe¬ 
size  that  fire  is  important  in  mobilizing  nutrients  within  the  ecosystem. 

Deposition  and  accumulation  of  fog  oil  residues  on  soil  surfaces  does  not  appear  to 
affect  seed  germination  or  soil  nutrient  levels  (Cataldo  et  al.  1989).  However,  resi¬ 
dues  on  soils  can  have  indirect  effects  on  plant  growth  (e.g.,  reduced  biomass  in  per¬ 
ennial  grasses),  and  are  believed  to  be  related  to  water  transport  (Cataldo  et  al. 
1989).  Yet,  it  is  also  possible  that  any  observed  reductions  in  biomass  are  caused  by 
a  disruption  of  the  symbiotic  fungal  endophyte  associations  that  many  perennial 
grasses  support.  Unfortunately,  no  data  are  available  on  the  effects  of  fog  oil  on  soil 
fungi. 

Microbial  Effects 

From  a  taxonomic  and  apparently  distributional  point  of  view,  degradation  (forma¬ 
tion  of  smaller  molecules),  transformation  (chemical  alteration),  or  mineralization 
(conversion  to  inorganic  material)  of  petroleum-based  products  among  microorgan¬ 
isms  is  widespread  and  well  documented  (Bausum  and  Taylor  1986).  Though  few 
studies  have  investigated  the  effects  of  fog  oil  smoke  residues  on  soil  or  microbial 
activity,  no  negative  effects  are  known.  For  example,  Cataldo  et  al.  (1989)  reported 

no  deleterious  effects  of  fog  oil  residues  on  soil  microbe  activity  and  found  that  even 

2 

at  relatively  high  exposures  (e.g.,  1,100  pg  fog  oil/cm  ),  soil  respiration  was  not  af- 
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fected  and  nitrobacter  activity  increased  only  slightly.  Light  oils  (e.g.,  fog  oil)  are 
generally  attributed  with  high  rates  of  mineralization  (Bausum  and  Taylor  1986). 

Indirect  Effects 

Links  between  trophic  levels  can  lead  to  indirect  effects  on  other  components  of  the 
ecosystem,  which  may  ultimately  affect  the  red-cockaded  woodpecker  and/or  its 
habitat.  For  example,  deposits  of  airborne  chemicals  might  lead  to  reduced  rates  of 
nutrient  cycling  in  soils,  which  can  cause  a  decline  in  primary  productivity,  thereby 
indirectly  affecting  wildlife.  However,  given  the  numerous  and  often  unknown  in¬ 
terdependencies  that  exist  in  ecosystems,  a  comprehensive  analysis  of  potential  in¬ 
direct  effects  on  all  ecosystem  components  is  nearly  impossible.  Consequently,  this 
assessment  will  focus  on  those  ecosystem  components  hypothesized  to  be  integral  to 
the  persistence  and  growth  of  red-cockaded  woodpecker  populations  and  to  key  as¬ 
pects  of  the  species’  habitat  (i.e.,  known  habitat  requirements). 

One  indirect  effect  that  is  appropriate  to  mention  is  general  disturbance  that  may 
be  associated  with  fog  oil  obscurant  smoke  training.  This  disturbance  generally  can 
be  described  as  anthropogenic  and  related  to  soldiers  and  associated  vehicles  and 
weapons  that  are  part  of  training  exercises.  The  possible  effects  of  fog  oil  obscurant 
smoke  on  the  red-cockaded  woodpecker  or  its  habitat  may  be  masked  or  over-ridden 
by  potential  effects  from  other  concurrent  military  training  activity.  However,  in 
this  regard  it  has  been  established  that  noise  disturbance  typical  of  military  train¬ 
ing  operations  (e.g.,  small-  and  large-caliber  live  fire,  vehicles,  aircraft)  did  not  pro¬ 
duce  significant  differences  in  nesting  success  or  productivity  (Delaney  et  al.  2002). 
In  addition,  typical  training  operations  have  been  shown  not  to  have  impacts  on  red- 
cockaded  woodpecker  reproductive  success  (Hayden  et  al.  2002).  Furthermore, 
demographic  factors,  such  as  group  size  and  prior  reproductive  success,  apparently 
have  more  effect  on  red-cockaded  woodpecker  reproductive  success  than  disturbance 
from  human  activities  (Hayden  et  al.  2002). 

Bioa  ccum  ula  tion 

Lubricating  oils  similar  to  SGF  No.  2  have  been  shown  to  bioaccumulate  in  aquatic 
food  chains  (Smith  et  al.  1987).  However,  investigations  on  fog  oil  obscurant  smoke 
have  not  demonstrated  bioaccumulation  in  tissues  or  in  soil,  water,  sediment,  or 
vegetation  (3D/I  1996).  Further,  no  statistical  significance  between  chemical  con¬ 
centrations  of  fog  oil  obscurant  smoke  at  the  control  site  and  at  the  testing  sites  has 
been  observed  (3D/I  1996). 
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Endpoints 

Any  characteristic  (e.g.,  reproductive  success,  primary  productivity)  of  the  ecological 
component  of  concern  (e.g.,  species,  ecosystem)  that  may  be  affected  by  exposure  to 
a  stressor  is  an  endpoint  (Suter  1990,  Norton  et  al.  1993).  An  assessment  endpoint 
should  be  an  explicit  expression  of  the  environmental  value  that  is  to  be  protected. 
However,  because  assessment  endpoints  often  cannot  be  directly  evaluated,  meas¬ 
urement  endpoints  are  identified.  Measurement  endpoints  are  measurable  re¬ 
sponses  to  a  stressor  that  are  related  to  the  characteristic  chosen  as  the  assessment 
endpoint  (Norton  et  al.  1993).  Typically,  a  set  of  measurement  endpoints  is  exam¬ 
ined  when  determining  whether  or  not  a  stressor  is  likely  to  have  a  significant  effect 
on  the  assessment  endpoint.  The  ecological  or  organizational  scale  of  the  assess¬ 
ment  endpoint  may  be  different  than  that  of  the  measurement  endpoints  (Norton  et 
al.  1993,  Barnthouse  and  Brown  1994).  For  example,  measurement  endpoints  at 
the  individual  or  organism  level  (e.g.,  individual  mortality,  reproduction,  and 
growth)  can  be  used  to  evaluate  effects  on  a  population  level  assessment  endpoint 
(e.g.,  red-cockaded  woodpecker  population  viability  or  stability). 

The  assessment  endpoints  of  this  ecological  risk  assessment  are  the  survival  and 
reproduction  of  red-cockaded  woodpecker  individuals  and  populations,  and  the 
maintenance  of  suitable  red-cockaded  woodpecker  habitat.  Risks  to  red-cockaded 
woodpecker  survival  from  exposure  to  fog  oil  smoke  will  be  evaluated  with  meas¬ 
urement  endpoints  to  include:  (1)  exposure  rates  (aerosol  and  residue  concentra¬ 
tions)  based  on  model,  laboratory,  and  field  data;  (2)  the  toxicity  of  fog  oil  aerosols 
(inhalation,  ingestion,  and  dermal  exposures)  in  surrogate  avian  species,  and 
(3)  acute  effects  on  behavior,  reproductive  success,  and  observable  physiological 
processes  (e.g.,  thermoregulation,  immune  response)  in  surrogate  avian  species. 
Measurement  endpoints  applied  to  red-cockaded  woodpecker  reproduction  include 
laboratory  studies  of:  (1)  aerosol  exposures  in  nesting  cavities,  (2)  egg  hatchability, 
and  (3)  nestling  and  fledgling  survival.  Risks  to  the  maintenance  of  red-cockaded 
woodpecker  habitat  will  be  ascertained  with  measurement  endpoints  that  address 
(1)  the  potential  for  biological  accumulation  of  fog  oil  obscurant  smoke,  and  (2)  the 
toxicity  of  fog  oil  to  vegetation,  arthropod  prey,  and  soil  microbe  communities.  Al¬ 
though  chronic  effects  of  exposure  to  stressors  can  also  be  a  major  concern  in  assess¬ 
ing  risks  to  populations  and  habitats,  the  limits  of  long-term  data  on  fog  oil  obscur¬ 
ant  smoke  accumulation  and  transformation  makes  detailed  assessment  of  these 
effects  impractical  at  this  time. 
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Conceptual  Model 

The  problem  formulation  phase  can  culminate  in  the  development  of  the  conceptual 
model  that  describes  how  the  stressor(s)  might  affect  important  components  of  the 
environment  (Norton  et  al.  1993). 

The  conceptual  model  describing  environmental  exposure  to  fog  oil  smoke  is  por¬ 
trayed  in  Figure  4.  For  the  red-cockaded  woodpecker,  direct  and  indirect  exposure 
to  fog  oil  aerosols  and  residues  is  possible  through  inhalation,  ingestion,  and  ab¬ 
sorption  (Figure  5).  Red-cockaded  woodpeckers  may  inhale  fog  oil  smoke  aerosols  if 
training  exercises  are  conducted  within  their  territories  and  the  birds  encounter  the 
fog  oil  smoke  plume.  During  foraging  or  preening,  birds  may  ingest  residues  that 
have  deposited  on  arthropod  prey,  water,  and  feathers.  Dermal  exposure  is  possible 
through  direct  deposition  of  fog  oil  smoke  or  fog  oil  smoke  residues  on  skin  or  eyes, 
as  well  as  through  contact  with  residues  on  environmental  surfaces  (e.g.,  tree 
trunks,  limbs,  or  other  vegetation).  In  addition,  indirect  ingestion  exposure  is  pos¬ 
sible  if  fog  oil  smoke  constituents  bioaccumulate  and  move  through  food  chains. 
Exposure  to  fog  oil  residues  and  bioaccumulated  constituents  is  possible  over  larger 
temporal  and  spatial  scales  than  is  the  relatively  brief  and  small  scale  event  or  site 
exposure  to  fog  oil  aerosols.  However,  amounts  and  rates  of  deposition,  degradation, 
and  bioaccumulation  of  fog  oil  obscurant  smoke  under  field  conditions  are  generally 
unknown. 


Figure  4.  Hypothetical  higher-level  conceptual  model  for 
release  of  military  obscurant  smokes  (from  Suter  et  al.  2001). 
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Important  components  of  the  red-cockaded  woodpecker’s  habitat  such  as  soils,  vege¬ 
tation,  and  food  resources  may  also  be  exposed  to  fog  oil  aerosols  and  deposits.  Deg¬ 
radation  of  these  ecological  component  resources  by  fog  oil  smoke  may  indirectly  af¬ 
fect  red-cockaded  woodpecker  populations  (Figure  5).  For  example,  potential 
adverse  effects  on  red-cockaded  woodpecker  habitat  are  possible  through  impacts  to 
soils,  vegetation,  and  arthropod  prey.  Soil  processes  such  as  nutrient  cycling  might 
be  either  impeded  or  arrested.  Concurrently,  a  reduction  in  primary  productivity 
might  cause  reductions  in  prey  abundance  or  in  habitat  quality.  Vegetation  may 
suffer  increased  mortality,  reduced  productivity,  declines  in  reproduction,  and  in¬ 
creased  susceptibility  to  insect  damage  or  parasitic  infection.  Habitat  quality  and 
quantity  may  be  altered  if  some  plant  species  are  susceptible  to  fog  oil  aerosol  dam¬ 
age.  Arthropod  prey  species,  which  are  important  red-cockaded  woodpecker  food 
resources,  might  be  affected  by  exposure  to  fog  oil  smoke  or  smoke  residues.  Reduc¬ 
tions  in  the  prey  base  might  reduce  red-cockaded  woodpecker  productivity.  These 
types  of  habitat  changes  would  most  likely  be  long  term,  developing  over  a  period  of 
years  or  even  decades  and  consequently  impossible  to  identify  in  the  short  term  and 
document  or  relate  to  fog  oil  smoke  exposure  events. 


Figure  5.  Hypothetical  lower-level  conceptual  model  for  release  of  military  obscurant  smokes. 


ERDC/CERL  TR-05-4 


33 


Red-cockaded  woodpecker  populations  might  decline  if  fog  oil  obscurant  smoke  ex¬ 
posure  reduces  individual  survivorship  or  reproduction.  Mortality  may  not  be  a  di¬ 
rect  consequence  of  exposure;  instead  birds  might  suffer  negative  health  effects  that 
indirectly  increase  susceptibility  to  parasites,  predators,  or  extreme  weather.  De¬ 
clines  in  avian  reproduction  may  be  expressed  in  numerous  ways  including,  fewer 
eggs,  reduced  egg  hatchability,  increased  hatchling  mortality,  skewed  sex  ratios, 
and/or  delayed  sexual  maturity.  However,  these  population  declines  could  be  diffi¬ 
cult  to  identify  much  less  to  attribute  them  to  fog  oil  smoke  exposure  events,  in  part 
because  of  the  possibility  of  ingress  from  expanding  and/or  otherwise  non-exposed 
populations  or  population  segments  and  other  factors  (Hayden  et  al.  2002). 

The  likelihood  of  exposure  and  potential  for  subsequent  harmful  effects  depends  on 
numerous  factors  such  as  the  red-cockaded  woodpecker  life  stage  affected,  period  of 
the  annual  cycle,  local  environmental  conditions,  mode  of  exposure,  and  location 
and  frequency  of  the  aerosol  plume  relative  to  active  cavity  trees  and  other  locations 
frequented  by  the  birds. 


34 


ERDC/CERL  TR-05-4 


4  Analysis 


In  the  analysis  phase  of  an  ecological  risk  assessment,  data  on  the  potential  effects 
and  exposure  of  the  stressor  are  evaluated  (Norton  et  al.  1993,  USEPA 1998,  Suter 
et  al.  2001).  Summary  profiles  resulting  from  characterization  of  the  potential  ex¬ 
posure  and  ecological  effects  are  then  used  in  risk  characterization. 


Background 

The  objective  of  the  exposure  characterization  is  to  examine  the  spatial  and  tempo¬ 
ral  co-occurrence  of  the  stressor  and  the  ecological  components  of  concern  in  order  to 
evaluate  potential  exposure.  Because  fog  oil  smoke  can  be  a  chemical  stressor,  this 
characterization  will  focus  on  the  quantities  of  fog  oil  that  are  biologically  available. 
A  chemical  is  said  to  be  biologically  available  if  it  can  come  in  contact  with  the  or¬ 
ganism  and  it  is  in  a  state  capable  of  being  absorbed  and  able  to  interact  with  the 
metabolic  processes  of  an  organism  (Suter  et  al.  1993).  Depending  on  the  nature  of 
the  receptor  and  the  stressor,  the  potential  for  both  lessened  or  increased  effects 
and/or  exposure  may  be  enhanced  by  the  exposed  organism’s  activity  and  behavior 
patterns.  This  analysis  will  examine  exposures  and  effects  of  fog  oil  obscurant 
smoke  exposure  at  individual  stages  of  the  red-cockaded  woodpecker  life  cycle  (e.g., 
eggs,  young,  and  adults),  and  at  different  periods  of  the  species’  annual  cycle  (e.g., 
breeding,  molting).  For  example,  in  avian  species  a  chemical  stressor  may  have  a 
significant  effect  only  on  young  during  the  brood  rearing  period,  since  early  life 
stages  are  generally  more  sensitive  to  stressors  than  adults.  Similarly,  due  to 
physiological  stress,  adults  may  be  more  susceptible  to  negative  effects  during 
breeding  season  or  migration. 


Exposure  Characterization 

Stressor  Characterization  (Fog  Oil  Obscurant  Smoke) 

On  a  given  installation,  fog  oil  smoke  training  exercises  are  conducted  erratically 
throughout  the  year  (Getz  et  al.  1996),  with  approximately  six  to  eight  1-week  long 
training  sessions  per  year.  During  training  exercises,  fog  oil  smoke  is  released 
about  four  times  (Getz  et  al.  1996).  Although  some  permanent  training  sites  have 
been  established  (e.g.,  U.S.  Army  Chemical  Training  School,  Fort  Leonard  Wood, 
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MO;  Getz  et  al.  1996),  training  sites  are  generally  not  used  more  than  once  during  a 
training  session.  Fog  oil  obscurant  smoke  training  exercises  are  typically  limited  to 
daylight  hours  and  typically  last  30  to  90  minutes  (U.S.  Army  1996a). 

Fog  oil  smoke  dissipates  within  5  to  30  minutes  after  generation  efforts  cease  with 
the  longer  estimate  usually  occurring  under  temperature  inversion  conditions  (Getz 
et  al.  1996).  With  the  possible  exception  of  some  chemical  school  training,  the 
maximum  expected  duration  of  a  smoke  cloud  is  approximately  2  hours.  The  size  of 
smoke  clouds  varies  depending  on  the  area  to  be  obscured  and  meteorological  condi¬ 
tions,  but  a  general  estimate  of  cloud  size,  at  higher  concentrations  that  result  in 
obscurity,  is  approximately  1000  m  by  1000  m  (Getz  et  al.  1996). 

The  dispersion,  dissipation,  and  concentration  of  fog  oil  smoke  clouds  are  deter¬ 
mined  in  part  by  local  environmental  conditions,  such  as  local  terrain  and  weather. 
Eventually,  clouds  dissipate;  aerosols  will  evaporate,  settle,  photolyze,  or  diffuse 
into  the  atmosphere.  The  fate  of  the  fog  oil  particles  that  do  settle  on  environ¬ 
mental  surfaces  is  determined  by  the  relative  rates  of  mass  transport,  phase  trans¬ 
formation,  and  chemical,  photochemical,  and  biological  degradation. 

Typical  fog  oil  smoke  generation  and  fog  oil  utilization  rates  range  between  24  and 
100  gal/hr.  The  M157,  which  is  a  common  smoke  generating  device  used  during 
training  exercises,  releases  50  gal/hr  (Getz  et  al.  1996).  This  smoke  generator  can 
be  operated  for  up  to  2  hours  on  a  full  load  of  fuel.  The  other  common  smoke  gener¬ 
ating  device,  the  newer  M56,  which  is  typically  mounted  on  the  M1113  utility  truck 
(a.k.a.  Highly  Mobile  Multipurpose  Utility  Vehicle  [HMMUV]),  has  one  or  more  fog 
oil  tanks  with  a  total  capacity  of  up  to  100  gallons  per  tank  and  can  operate  up  to 
approximately  1.5  hours  depending  on  the  amount  of  oil  released  to  the  heated 
manifold  (i.e.,  60  to  80  gal/hr).  One  or  more  generators  may  be  used  during  a  fog  oil 
smoke  generation  event.  Up  to  200  gal  of  fog  oil  have  been  used  daily  for  smoke 
generation  at  a  single  location  (Brubaker  et  al.  1992).  Fog  oil  obscurant  smoke  gen¬ 
eration  and  deployment  during  training  events  is  most  often  1  hour  or  less.  In 
1985,  the  Army  used  10,000  55-gallon  barrels  of  fog  oil  in  training  exercises  (Poston 
et  al.  1986).  Therefore,  based  on  a  release  rate  of  approximately  50  gal/hr  over  a  1- 
hour  training  event,  and  daily  training  events  totaling  4  hours  (i.e.,  200  gal),  ap¬ 
proximately  2,750  fog  oil  smoke  training  or  testing  events  are  conducted  annually  at 
Army  installations.  These  training  or  testing  events  also  can  be  considered  location 
events  since  on  a  given  installation  training  or  testing  may  be  conducted  at  multiple 
and  specific  locations.  For  risk  assessment  purposes,  at  the  U.S.  Army  Chemical 
Training  School,  fog  oil  usage  has  been  calculated  at  0.66  gal/min  and  a  maximum  of 
1,200  gal/day  (3D/I  1997). 
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Not  all  fog  oil  smoke  training  is  conducted  at  Army  installations  where  red-cockaded 
woodpeckers  are  present.  The  installations  where  red-cockaded  woodpeckers  are 
present  (Table  1,  page  11),  are  considered  or  categorized  as  maneuver  installations 
(i.e.,  major  Army  power  projection  locations  that  provide  facilities  and  resources  to 
house,  maintain,  train,  and  deploy  major  combat  forces),  training  installations  (i.e., 
entry,  general,  specialized,  combat,  and  other),  or  major  and  / or  reserve  component 
training  installations  (i.e.,  facilities  to  conduct  large-scale  unit  training  for  active 
and  reserve  military  components).  In  these  categories  there  are  also  approximately 
46  Army  installations  where  red-cockaded  woodpeckers  are  not  present.  These 
categories  include  those  installations  that,  by  Army  mission  requirements  and  other 
factors,  would  be  expected  to  employ  and  utilize  fog  oil  obscurant  smoke  as  part  of 
their  training  and  testing  programs  and  protocols.  Also,  in  addition  to  the  U.S. 
Army  Chemical  Training  School,  there  are  at  least  three  Army  proving  grounds 
where  fog  oil  obscurant  smoke  is  potentially  utilized  and  tested  (e.g.,  Dugway  Prov¬ 
ing  Ground,  UT;  Liljegren  et  al.  1988).  Similarly,  an  unknown  number  of  fog  oil 
smoke  training  and  testing  exercises  are  conducted  in  other  countries  (e.g.,  Ger¬ 
many;  Brubaker  et  al.  1992)  as  part  of  routine  military  mission  related  training  and 
testing  exercises.  At  the  U.S.  Army  Chemical  Training  School,  a  “worst  case”  (for 
environmentally  preferred  training  methods)  fog  oil  usage  of 49,500  gal/yr  has  been 
estimated  (3D/I  1997). 

Thus,  considering  available  usage  data  (Posten  et  al.1986,  3D/1  1997),  550,000  gal¬ 
lons  of  fog  oil  is  used  in  2,750  training  or  testing  events  on  more  than  57  Army  in¬ 
stallations  annually.  This  averages  to  9,650  gal  of  fog  oil  used  in  48  training  or  test¬ 
ing  events  per  installation  annually  (i.e.,  four  per  month  per  installation).  This 
estimate  of  average  installation  use  may  be  high  in  part  because  of  the  uncertainty 
of  the  amounts  used  outside  of  the  United  States,  and  because  of  the  potentially 
large  amount  used  at  installations  outside  of  red-cockaded  woodpecker  range. 

Fog  Oil  Smoke  Environmental  Concentrations 

The  atmospheric  concentration  of  fog  oil  aerosols  will  vary,  depending  on  the  length 
of  generation  time,  generation  rate,  distance  from  generator,  site  terrain,  and  mete¬ 
orological  conditions  (Driver  et  al.  1993).  Also,  fog  oil  aerosol  concentrations  are  not 
uniform  in  space  or  time.  Concentrations  are  highest  immediately  after  release  and 
near  the  generator,  and  decline  with  distance  and  time  since  release  (Driver  et  al. 
1993).  Most  fog  oil  aerosol  droplets  quickly  evaporate  or  diffuse  into  the  atmos¬ 
phere;  aerosol  clouds  dissipate  within  5  to  30  minutes  (Driver  et  al.  1993,  Getz  et  al. 
1996).  Ideally,  fog  oil  obscurant  smoke  testing  and  training  conditions  fall  into  a 
rather  narrow  range  of  atmospheric  conditions.  Much  fog  oil  smoke  release  is  done 
under  conditions  of  relatively  low  wind  and  minimal  amounts  of  atmospheric  turbu¬ 
lence  to  facilitate  effective  cloud  formation  and  dispersion. 
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Estimates  of  atmospheric  concentrations  are  available  from  both  field  and  modeling 
studies  (e.g.,  Liljegren  1988,  Policastro  et  al.  1989,  Driver  et  al.  1993).  The  most 
comprehensive  models  currently  available  (those  that  include  the  most  environ¬ 
mental  variables)  predict  that  a  release  of  80  gal/hr  during  a  2-hour  exercise  (i.e., 
worst-case  scenario  or  1.6  times  the  expected  fog  oil  utilization  rate/hr)  will  yield 
aerosol  concentrations  of  64  and  56  mg/m3  at  locations  100  m  and  200  m  downwind, 
respectively  (Driver  et  al.  1993).  Under  the  same  release  conditions,  concentrations 
are  estimated  to  be  less  than  13  mg/m3  at  distances  greater  than  1  km.  Unfortu¬ 
nately,  precise  estimates  of  air  concentrations  are  problematic  because  generators 
are  often  mobile  and  atmospheric  conditions  are  variable. 

Once  a  fog  oil  plume  is  released  into  the  atmosphere,  particle  dissipation  and  dis¬ 
persion  will  be  affected  by  local  terrain  and  weather.  Wind  speed  and  variability  in 
wind  direction  will  enhance  cloud  dispersion.  In  areas  having  variable  terrain,  fog 
oil  aerosols  will  tend  to  accumulate  in  coves  or  valleys  that  are  sheltered  from  wind 
or  exhibit  temperature  inversions.  With  lower  wind  velocities  and  lessened  turbu¬ 
lence,  deposition  close  to  the  source  of  generation  can  be  expected  to  be  greater  than 
that  under  higher  wind  conditions. 

Fog  oil  smoke  concentrations  in  red-cockaded  woodpecker  nest  cavities  have  been 
measured  by  Guelta  and  Checkai  (2001)  and  Driver  et  al.  (2002b)  under  laboratory 
and  simulated  field  fog  oil  smoke  release  conditions.  In  those  studies  fog  oil  smoke 
concentration  within  the  cavity  ranged  from  61%  to  94%  of  the  concentrations  out¬ 
side  the  cavity  with  a  stabilized  average  concentration  of  approximately  75%. 

Deposition  of  Fog  Oil  Obscurant  Smoke  in  the  Environment 

Fog  oil  aerosol  deposition  is  strongly  influenced  by  droplet  aerodynamics,  local  me¬ 
teorological  conditions,  and  initial  aerosol  concentrations  (Driver  et  al.  1993).  Mod¬ 
eling  studies  predict  and  field  measurements  indicate  that  the  amount  of  fog  oil  de¬ 
posited  on  surfaces  is  extremely  small  (Driver  et  al.  1993,  Liljegren  et  al.  1988, 

Policastro  et  al.  1989).  Fog  oil  smoke  aerosol  deposited  at  the  end  of  a  typical  fog  oil 

2 

training  exercise  is  estimated  to  range  between  2,000  and  3,080  mg/m"  at  a  distance 

of  100  m  downwind  of  the  generator.  Average  surface  deposition  is  estimated  to  be 

2  2 

less  than  243  mg/m  and  101  mg/m  at  distances  500  m  and  1  km  downwind,  respec¬ 
tively.  At  greater  distances,  deposition  rates  drop  markedly. 

These  estimates  assume  that  all  of  the  fog  oil  droplets  will  deposit  within  a  1-km  by 
1-km  area,  when  the  actual  deposition  area  may  be  larger.  Consequently,  these  es¬ 
timates  represent  maximums.  Actual  rates  of  deposition  are  likely  to  be  much 
lower.  This  is  substantiated  by  empirical  data  that  show  very  low  rates  of  fog  oil 
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deposition  (Liss-Suter  and  Villaume  1978,  Cataldo  et  al.  1989,  Liljegren  et  al.  1988, 
Policastro  et  al.  1989).  For  example,  at  distances  20,  40,  80,  and  160  m  from  the 
generator,  deposits  have  mean  concentrations  less  than  1  ppm  when  measured  at 
ground  level  in  a  forested  area  (McMurry  et  al.  1997) 

Rates  of  fog  oil  smoke  deposition  are  low  due  to  the  small  droplet  size,  which  typi¬ 
cally  ranges  between  0.6  pm  and  3  pm  in  diameter  (Cataldo  et  al.  1989,  Driver  et  al. 
1993).  Particles  of  this  size  have  settling  velocities  between  0.001  and  0.03  cm/s 
(0.04  -  1  m/hr),  allowing  them  to  remain  airborne  for  long  periods  of  time  or  until 
they  evaporate  (Aiken  and  Roberts  1979,  Driver  et  al.  1993).  However,  some  set¬ 
tling  and  physical  deterioration  of  the  fog  oil  smoke  cloud  is  fostered  by  agglomera¬ 
tion  of  droplets  (Katz  et  al.  1980). 

Deposition  rates  are  also  influenced  by  local  meteorological  conditions.  For  exam¬ 
ple,  as  the  wind  speed  increases  beyond  6  mph  (10  kph),  deposition  on  foliar  sur¬ 
faces  increases  markedly  (Cataldo  et  al.  1989).  Higher  deposition  rates  are  also  ex¬ 
pected  during  temperature  inversions,  because  aerosol  dispersion  is  hindered. 
Aerosol  droplet  size  and  aerodynamic  behavior  is  not  affected  by  relative  humidity 
(Driver  et  al.  1993).  Apparently,  condensation  of  water  vapor  on  fog  oil  aerosol  par¬ 
ticles  is  limited  by  the  hydrophobic  nature  of  fog  oil. 

If  fog  oil  aerosols  settle,  they  deposit  on  environmental  surfaces  such  as  soils,  vege¬ 
tation,  and  animals.  On  plant  surfaces,  mass  loading  and  deposition  velocities  are 
1.5  to  2  times  higher  for  sparse  foliage  (e.g.,  ponderosa  pine  [Pinus  ponderosa ]  and 
short  needle  pine  [ Pinus  echinata]),  than  for  dense  foliage  (e.g.,  bush  bean  [ Phaseo - 
lus  vulgaris ]  and  tall  fescue  [ Festuca  elator ];  Cataldo  et  al.  1989).  This  difference 
probably  reflects  the  greater  relative  surface  area  of  plants  with  sparse  foliage. 
When  the  amount  of  fog  oil  smoke  aerosol  deposited  on  plant  surfaces  has  been 
measured  in  wind  tunnel  experiments,  average  air  concentrations  of  737  mg/m3  over 
a  period  of  2  hours  resulted  in  foliar  deposits  of  300  to  3,000  mg/m2;  Cataldo  et  al. 
1989).  However,  these  surface  concentrations  are  likely  to  be  higher  than  field 
deposition  rates,  given  that  the  airborne  concentrations  were  much  higher  than 
those  expected  during  training  exercises.  To  that  effect,  in  field  trials  conducted  by 
Liljegren  et  al.  (1988)  no  measurable  levels  of  fog  oil  residue  were  found  on  either 
horizontal  or  vertical  surfaces.  Moreover,  in  a  separate  field  trial,  Brubaker  et  al. 
(1992)  reported  concentrations  of  <11  ppm  on  soil  and  vegetation  surfaces  in  areas 
of  frequent  smoke  generation. 

Depuration  of  Fog  Oil  Obscurant  Smoke  Residues 

Fog  oil  deposits  are  rapidly  removed  from  environmental  surfaces  by  various  biotic 
and  abiotic  processes  that  collectively  weather  and  break  down  residues  (Bausum 
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and  Taylor  1986,  Driver  et  al.  1993).  The  initial  rapid  rates  of  depuration  that  are 
observed  are  apparently  largely  the  result  of  evaporation.  For  example,  at  tempera¬ 
tures  between  02C  and  402C  residues  are  estimated  to  decline  by  approximately  30% 
to  40%  after  1  hour,  and  by  80%  to  90%  after  1  week  (Driver  et  al.  1993).  Over 
longer  periods,  rates  of  depuration  slow  as  the  remaining  residues  have  lower  va¬ 
porization  rates  and  degradation  becomes  the  primary  process  of  depuration.  The 
most  effective  weathering  processes  on  fog  oil  smoke  deposits  are  dew  formation, 
precipitation,  evaporation,  microbial  degradation,  and  adsorption  to  surfaces 
(Driver  et  al.  1993).  Photolysis,  or  the  effects  of  sunlight  on  fog  oil  smoke  constitu¬ 
ents,  is  also  presumed  to  be  a  degradation  factor  (Posten  et  al.  1988).  Generally,  de¬ 
puration  rates  increase  as  surface  area  and  temperature  increase.  For  example,  fog 
oil  residue  degradation  is  more  rapid  on  soils  with  greater  porosity  (Cataldo  et  al. 
1989).  Empirical  evidence  has  shown  that  depuration  of  SGF  No.  2  from  soils  can 
reach  500  g/m2/month  during  the  first  few  months  following  application  (Raymond 
et  al.  1976).  Overall,  the  depuration  rate  of  fog  oil  residues  from  plant  and  soil  sur¬ 
faces  is  high  due  to  rapid  volatilization  from  relatively  large  foliar  and  other  surface 
areas  (Cataldo  et  al.  1989,  Driver  et  al.  1993). 

Environmental  Fate  and  Degradation 

The  fate  of  fog  oil  smoke  residues  depends  on  numerous  physical  and  chemical  proc¬ 
esses  including  mass  transport,  phase  transformation,  and  chemical,  photochemical, 
and  biological  degradation.  Mass  transport  (e.g.,  via  precipitation)  and  phase  trans¬ 
formation  (e.g.,  via  evaporation)  processes  allow  fog  oil  smoke  residues  to  move  be¬ 
tween  environmental  media  (e.g.,  soil,  water,  air).  Yet,  extensive  redistribution  and 
resuspension  of  residues  is  unlikely  given  the  adhesive  nature  of  fog  oil.  Mass 
transport  could  be  enhanced  if  deposition  occurred  on  exposed  soils  that  are  prone  to 
wind  or  water  erosion  (Driver  et  al.  1993). 

The  fate  of  fog  oil  residues  also  depends,  in  part,  on  the  surface  on  which  it  has  de¬ 
posited.  In  general,  fog  oil  smoke  aerosol  droplets  will  persist,  absorb,  degrade,  or 
evaporate  from  the  surface  where  it  has  deposited.  If  fog  oil  smoke  deposits  on  wa¬ 
ter,  its  components  may  dissolve,  aggregate,  sorb  to  particulates,  and/or  degrade. 
Fog  oil  smoke  residues  will  either  be  adsorbed  by,  or  persist  on  plant  surfaces, 
gradually  evaporating  or  degrading.  Evaporation  of  fog  oil  residues  from  plant  sur¬ 
faces  has  been  found  to  be  rapid  owing  to  large  surface  areas  (Cataldo  et  al.  1989). 
On  soil,  fog  oil  deposits  will  tend  to  sorb  to  soil  particles,  evaporate,  and/or  undergo 
degradation  (Driver  et  al.  1993).  Hydrocarbons  composing  fog  oil  smoke  residue  are 
biodegradable  and  would  attenuate  over  time  (Driver  et  al.  1993). 
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Chemical  Transformation 

Fog  oil  smoke  constituents  may  undergo  chemical  transformations  through  abiotic 
and  biotic  processes  (e.g.,  photolysis,  hydrolysis,  oxidation,  or  reduction).  This  re¬ 
sults  in  either  detoxification  or  creation  of  secondary  toxins,  which  may  be  more 
toxic  than  the  original  hydrocarbon  constituents.  For  example,  photolytic  reactions 
caused  by  exposure  to  sunlight  (ultraviolet  radiation)  can  increase  the  toxicity  of 
certain  hydrocarbons  in  fuel  oils,  and  may  also  result  in  the  production  of  chemicals 
such  as  aromatic  ketones,  which  have  toxic  properties  different  from  the  original  fog 
oil  (Poston  et  al.  1986).  Unfortunately,  the  production  of  secondary  compounds  has 
not  been  quantified  for  fog  oil  or  fog  oil  smoke.  However,  as  currently  specified 
(MILSPEC  1998)  and  manufactured,  fog  oil  contains  no  toxic  or  carcinogenic  con¬ 
stituents.  In  addition,  due  to  the  generation  process,  fog  oil  smoke  is  or  can  be  con¬ 
sidered  already  a  secondary  compound  of  fog  oil  (i.e.,  SFG  No.  2).  In  general,  the 
only  observed  transformation  of  fog  oil  is  the  evaporation/volatilization  of  the  lower 
molecular  weight  (<  C  )  hydrocarbons  (3D/I  1996). 


Ecosystem  Characterization 

In  this  section  characterizes/summarizes  the  spatial  and  temporal  distribution  of 
the  ecosystem  components  of  concern,  as  well  as  elements  of  life  history.  What  fol¬ 
lows  is  a  summary  of  available  information  on  aspects  of  red-cockaded  woodpecker 
biology  and  natural  history  in  relation  to  their  habitat  and  relevant  to  potential 
stressor  interaction. 

Reproduction:  Cooperative  Behavior/Nesting  Cavities 

The  red-cockaded  woodpecker  has  a  cooperative  breeding  system  and  lives  in  family 
groups  called  clans  (Walters  1990,  Walters  et  al.  1988a,  Walters  et  al.  1992).  Clans 
may  contain  two  to  nine  birds,  and  are  typically  composed  of  a  breeding  pair  and 
male  offspring  (“helpers”)  from  previous  seasons.  In  some  instances,  females  may 
serve  as  “helpers”  (Conner  et  al.  2001).  This  cooperative  brood  rearing  strategy  has 
apparently  evolved  as  an  approach  to  increasing  survival  and  ultimately  popula¬ 
tions  through  increased  clutch  size,  reduced  brood  loss,  or  both  (Conner  et  al.  2001). 

Nesting  and  roosting  cavities  are  commonly  excavated  in  mature  pines  that  have 
been  infected  by  red  heart  fungus  ( Phellinus  pini;  Jackson  1977,  Jackson  et  al. 
1979,  Conner  and  Locke  1982,  DeLotelle  and  Epting  1988,  Rudolph  and  Conner 
1991).  Although,  excavation  time  averages  6.3  years  in  longleaf  pines  (Conner  and 
Rudolph  1995),  cavities  are  used  repeatedly  and  may  be  occupied  by  family  groups 
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for  decades  (Jackson  1994).  Cavities  are  usually  constructed  just  below  the  lowest 
branches,  typically  at  a  height  of  10  to  13  m  above  ground.  The  horizontal  diameter 
of  the  cavity  entrance  tunnel  averages  7.1  ±  1.9  cm  (Jackson  1978).  The  entrance 
tunnel  angles  slightly  upward  and  extends  approximately  6  to  9  cm  before  connect¬ 
ing  with  the  interior  chamber.  The  interior  chamber  extends  downward  17  to  18  cm 
and  has  a  diameter  of  9  to  10  cm.  Nesting  cavities  generally  open  to  the  west  (Ligon 
1970,  Jackson  1994,  Conner  and  Rudolph  1995). 

The  loss  of  cavity  trees  has  been  attributed  as  a  primary  and  continuing  cause  of 
decline  in  red-cockaded  woodpeckers  (USFWS  2003).  To  counter  the  loss  (Conner  et 
al.  1991)  and  scarcity  of  natural  cavities  and  the  conditions  that  support  them,  arti¬ 
ficial  cavities  have  been  developed  (Copeyon  1990,  Copeyon  et  al.  1991,  Allen  1991, 
Taylor  and  Hooper  1991)  to  mimic,  replace,  and  supplement  natural  cavities.  Al¬ 
though  details  differ,  the  different  cavity  construction  methods  and  approaches  are 
similar  enough  to  natural  cavities  that  their  effectiveness  in  promoting  production 
is  recognized.  For  example,  after  a  90%  loss  of  cavity  trees  attributable  to  Hurri¬ 
cane  Hugo  in  1989,  the  judicious  use  of  artificial  cavities  has  been  attributed  with 
preserving  population  in  the  Francis  Marion  National  Forest,  SC,  and  contributing 
to  subsequent  population  growth  (Watson  et  al.  1995).  Similarly,  increases  in  red- 
cockaded  woodpeckers  at  Fort  Stewart,  GA  (Table  1,  page  11)  have  been  attributed 
in  part  to  an  aggressive  artificial  cavity  management  approach. 

Breeding/Incubation/Hatching/Parental  Care 

Breeding  occurs  from  April  through  July  (Figure  6;  see  also  Jackson  1994).  Clutch 
size  ranges  from  2  to  5  eggs,  but  typically  3  to  4  eggs  are  laid.  Females  incubate  the 
eggs  during  the  day,  with  the  breeding  male  usually  brooding  during  the  night 
(Jackson  1994).  Therefore,  males  would  appear  to  have  a  greater  chance  of  being 
exposed  to  fog  oil  smoke  clouds  during  the  nesting  season,  since  training  sessions 
occur  almost  exclusively  during  the  day.  Egg  laying  typically  begins  in  April  with 
hatching  in  10  to  11  days.  Fledging  occurs  at  26  to  29  days  and  most  young  fledge 
by  the  end  of  June  (Ligon  1970;  Figure  6).  Most  commonly,  only  a  single  clutch  is 
laid  per  season;  however,  if  a  clutch  or  brood  is  lost  early  in  the  season,  another  may 
be  initiated  (LaBranch  et  al.  1994).  Young  are  altricial  at  hatching  (i.e.,  blind,  im¬ 
mobile,  lacking  down,  and  unable  to  feed  themselves).  Young  are  fed  by  both  par¬ 
ents  and  by  helpers.  Fledging  success,  which  is  defined  as  the  number  of  fledged 
young  per  breeding  attempt,  is  relatively  high,  ranging  from  1.4  to  1.7  among  popu¬ 
lations  (USFWS  2003). 

Although  reproductive  maturity  is  attained  at  1  year,  males  frequently  remain  in 
their  natal  group  for  1  or  more  years,  helping  to  care  for  young  during  the  next 
breeding  season  (Walters  et  al.  1988a,  Walters  et  al.  1992).  Males  may  disperse  dur- 
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ing  their  first  year  if  roosting  cavities  are  unavailable  or  if  a  mate  is  located.  Fe¬ 
males  normally  disperse  during  their  first  winter,  infrequently  remaining  as  help¬ 
ers.  Mean  dispersal  distances  of  fledgling  females  and  males,  has  been  reported  as 
4.7  km  and  5.4  km,  respectively  (Walters  et  al.  1988b).  Within  a  population,  not  all 
groups  produce  nestlings  every  year.  As  an  average,  approximately  10%  of  groups 
do  not  nest  in  a  given  year  (USFWS  2003).  Red-cockaded  woodpeckers  are  known  to 
have  lived  at  least  12  years  in  the  wild,  and  captive  birds  have  lived  as  long  as  13 
years  (Jackson  1994). 


Red-cockaded  Woodpecker  Annual  Cycle 
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Figure  6.  Annual  cycle  of  breeding  and  molt  for  the  red-cockaded  woodpecker. 

Thick  lines  represent  the  most  characteristic  dates/period  for  each  activity,  whereas  thin  lines  represent 
overall  range  of  dates  of  when  behaviors/activities  may  occur.  Inner  line  =  molt,  middle  line  =  rearing  young, 
outer  line  =  egg  laying  and  incubation. 

Habitat  Use  Daily  Time  Budget/Feeding  Behavior 

Red-cockaded  woodpecker  clans  forage  up  to  2  km  from  their  cavity  trees,  but  gen¬ 
erally  forage  within  0.8  km  (Jackson  1994).  Home  range  size  is  dependent  on  habi¬ 
tat  quality,  such  that  poor  habitats  require  larger  territories  (Jackson  1994).  For 
example,  home  ranges  are  often  larger  than  80  ha  (Nesbitt  et  al.  1978, 1983,  Hooper 
et  al.1982,  DeLotelle  et  al.  1983,  Bradshaw  1990,  Jackson  1990),  but  may  exceed 
400  ha  in  very  poor  habitat  (Jackson  1994).  Only  portions  of  the  home  range  are 
actually  used  on  a  daily  basis. 
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At  night  red-cockaded  woodpeckers  roost  in  cavity  trees,  but  emerge  at  sunrise  (10 
minutes  before  to  20  to  30  minutes  after),  and  return  shortly  before  sunset  (15  to  40 
minutes  before).  Most  of  the  day  is  spent  foraging  or  maintaining  territorial 
boundaries.  Foraging  is  generally  limited  to  large  pines,  but  varies  with  available 
habitat  and  season  (Ramey  1980).  Males  tend  to  forage  along  the  branches  and  up¬ 
per-trunk  of  trees,  whereas  females  more  commonly  forage  on  the  lower  trunk  (Por¬ 
ter  1985).  The  red-cockaded  woodpecker  forages  by  probing  and  peeling  off  pieces  of 
loose  bark  from  pines  to  reveal  arthropod  prey  (e.g.,  wood  roaches,  beetle  larvae,  spi¬ 
ders,  ants,  etc.;  Harlow  and  Lennartz  1977,  Hanula  and  Franzreb  1995,  Hess  1997). 
The  red-cockaded  woodpecker  also  consumes  some  vegetable  material  (approxi¬ 
mately  14%  of  diet)  including:  pine  seeds  ( Pinus  spp.),  wild  cherry  (Prunus  spp.), 
pokeweed  (Phytolacca  Americana),  grape  (Vitis  spp.),  magnolia  (Magnolia  spp.)  poi¬ 
son  ivy  (Rhus  toxicodendron),  blueberry  (Vaccinium  spp.)  and  blackgum  (Nyssa  syl- 
vatica );  Beal  et  al.  1916,  Baker  1971,  Hanula  et  al.  2000b). 

Additional  Behavioral  Attributes 

In  general,  it  appears  that  birds  do  not  avoid  oil-contaminated  foods  or  habitat 
(Holmes  and  Cronshaw  1977).  This  would  seem  to  indicate  that  birds  would  be 
comparatively  nondiscriminating  in  their  selection  of  food  items  potentially  exposed 
to  fog  oil  aerosol.  Beyond  that,  red-cockaded  woodpeckers  possess  certain  behav¬ 
ioral  characteristics  that  may  influence  the  likelihood  and  magnitude  of  their  expo¬ 
sure  to  fog  oil  aerosols  and  residues.  For  example,  the  species  is  tolerant  of  (or  ha¬ 
bituates  to)  smoke  from  forest  fires,  anthropogenic  noise,  and  physical  disturbances 
such  as  generator  vehicles,  soldier  movements,  wheeled  or  tracked  vehicles,  helicop¬ 
ters,  and  simulated  and  real  artillery  and  small  arms  fire  (Delaney  et  al.  2002,  Hay¬ 
den  et  al.  2002).  Therefore,  it  appears  likely  that  individuals  would  not  be  inclined 
to  actively  avoid  fog  oil  smoke  clouds  or  the  activities  associated  with  exercises.  The 
species’  sociality  (i.e.,  group  foraging  and  nesting)  is  not  expected  to  affect  the  mag¬ 
nitude  or  probability  of  exposures  for  any  one  woodpecker,  but  it  may  lead  to  simul¬ 
taneous  exposure  in  several  individuals. 

Climactic  Conditions 

The  red-cockaded  woodpecker  occurs  in  the  Piedmont  and  Coastal  Plain  physi¬ 
ographic  provinces  of  the  southeastern  United  States.  This  region  has  long  growing 
seasons  (240  to  330  days),  hot  summers,  mild  winters,  high  humidity,  and  abundant 
annual  precipitation  (Martin  and  Boyce  1993).  Mean  daily  temperatures  are  be¬ 
tween  0°C  and  18°C  in  the  coldest  month  and  greater  than  22°C  in  the  warmest 
month.  Although  monthly  means  suggest  that  precipitation  is  evenly  distributed 
throughout  the  year,  annual  variation  in  rainfall  is  extremely  important  in  deter¬ 
mining  availability  of  water  during  the  growing  season.  In  general,  spring  and  fall 
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tend  to  be  drier  seasons  than  winter,  when  precipitation  is  a  consequence  of  frontal 
storms,  and  summer  when  precipitation  is  a  consequence  of  convective  storms  (Mar¬ 
tin  and  Boyce  1993).  Under  the  natural  regime  fires  occur  regularly  (lightning 
strikes  ignite  summer  fires  every  3  to  5  years)  in  the  pyroclimax  forests  inhabited 
by  the  red-cockaded  woodpecker. 

Role  of  the  Ecosystem  in  Affecting  Stressor  Fate  and  Distribution 

The  fate  and  distribution  of  fog  oil  smoke  aerosol  in  the  environment  is  affected  by 
climate  and  weather  conditions.  For  example,  the  warm  summers  and  relatively 
mild  winters  found  in  the  red-cockaded  woodpeckers’  historic  range  may  enhance 
evaporation  of  fog  oil  aerosols,  and  thereby  potentially  limit  deposition  rates.  Local 
climatic  conditions  can  also  be  particularly  important  in  determining  depuration 
rates,  which  will  affect  rates  of  exposure.  The  southeast  receives  abundant  rainfall, 
which  will  enhance  depuration  of  fog  oil  from  environmental  surfaces  by  providing 
conditions  appropriate  for  microbial  degradation  and  weathering.  Rainfall  may  also 
transport  residues  from  the  surface  of  vegetation  to  soils.  Any  accumulated  resi¬ 
dues  on  groundcover  vegetation  would  also  be  removed  by  periodic  fires.  Rapid  de¬ 
puration  of  fog  oil  smoke  residues  would  decrease  the  probability  that  red-cockaded 
woodpeckers  suffer  from  ingestion  and  secondary  contact  exposure. 


Exposure  Analyses 

Exposure  is  influenced  by  a  set  of  numerous  and  often  stochastic  interactions  be¬ 
tween  the  stressor  and  ecosystem  of  concern.  For  example,  the  duration,  frequency, 
timing,  location,  and  scale  of  training  exercises  using  fog  oil  obscurant  smoke  all  in¬ 
fluence  the  likelihood  and  magnitude  of  exposure.  Equally  important  in  affecting 
exposure  are  characteristics  of  the  red-cockaded  woodpecker  such  as  life  stage,  be¬ 
havioral  attributes,  activity  patterns,  and  sensitivity.  Exposure  analysis  focuses  on 
the  spatial  and  temporal  distributions  of  the  stressor  and  the  ecological  components 
of  concern,  as  exposure  is  primarily  determined  by  co-occurrences  in  these  distribu¬ 
tions. 

Exposure  to  fog  oil  obscurant  smoke  aerosols  is  limited  to  military  training  events 
when  fog  oil  smoke  generation  is  employed.  Employment  of  fog  oil  smoke  genera¬ 
tion  in  or  as  part  of  training  exercises  does  not  necessarily  occur  in  each  training 
exercise  or  at  every,  or  even  most,  red-cockaded  woodpecker  habitat  sites.  Further¬ 
more,  although  fog  oil  obscurant  smoke  generation  is  permitted  (in  accordance  with 
standard  training  guidelines)  in  close  proximity  to  supplemental  recruitment  clus¬ 
ters,  it  is  not  allowed  within  a  buffer  zone  (200  ft)  of  delineated,  marked  active  clus¬ 
ters,  primary  recruitment  clusters,  and/or  cavity  trees  (U.S.  Army  1996b,  Hayden 
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1997a).  Concurrently,  within  marked  cavity  tree  buffer  zones,  all  military  training 
is  limited  to  activity  of  a  transient  (less  than  2  hours  occupation)  nature.  Given  the 
potential  broad  area  of  coverage  of  fog  oil  obscurant  smoke  dispersal  and  the  rela¬ 
tively  widespread  distribution  of  clusters  and  cavity  trees  on  Army  installations,  it 
is  impractical,  if  not  impossible  to  prevent  fog  oil  obscurant  smoke,  generated  out¬ 
side  the  buffer,  from  dispersing  into  buffer  zones.  However,  Army  red-cockaded 
woodpecker  management  guidelines  only  allow  fog  oil  and  other  obscurant  smoke 
infiltration  into  buffer  zones  at  a  “haze  level”  of  obscurance.  Army  red-cockaded 
woodpecker  management  protocols,  guidance,  and  installation  Integrated  Natural 
Resources  Management  Plans  prepared  in  accordance  with  Federal  military  lands 
and  natural  resources  management  and  conservation  requirements  (Sikes  Act,  U.S. 
Army  1995)  do  not  allow  for  the  generation  of  fog  oil  obscurant  (or  other  smoke) 
within  designated  buffer  zones  (U.S.  Army  1996b). 

With  this  background,  red-cockaded  woodpeckers  may  still  potentially  be  exposed  to 
some  level  of  fog  oil  smoke  and  fog  oil  smoke  residues  via  several  pathways  (Figure 
5,  page  32).  Because  thorough  examination  of  every  possible  pathway  is  neither 
practical  nor  possible,  concentrating  the  exposure  analysis  on  the  worst-case  scenar¬ 
ios  helps  develop  a  focused  risk  assessment.  Furthermore,  if  these  worst-case  sce¬ 
narios  are  found  to  pose  no  significant  risk  of  exposure,  then  scenarios  that  are  less 
probable  or  presumably  less  harmful  can  be  assumed  to  be  innocuous  (pose  no  sig¬ 
nificant  risk). 

This  exposure  analysis  will  focus  on  those  specific  scenarios  judged  to  have  the 
greatest  probability  of  actually  occurring,  and  thus  have  the  greatest  potential  to 
impact  red-cockaded  woodpecker  survival,  reproduction,  and  habitats.  Specifically, 
this  analysis  examines:  (1)  the  acute  exposure  of  adult  birds  to  fog  oil  aerosols  at 
locations  near  the  generator  for  an  extended  period  (<100  m  for  >  2  hrs),  (2)  the 
acute  exposure  of  eggs/nestlings  to  fog  oil  smoke  aerosol  within  the  nesting  cavity, 
and  (3)  the  exposure  of  soils,  vegetation,  and  prey  items  to  fog  oil  smoke  residues. 

The  red-cockaded  woodpecker  may  be  exposed  to  fog  oil  and/or  fog  oil  smoke  through 
three  primary  routes:  inhalation,  ingestion,  and  dermal  contact/absorption.  Our 
analysis  of  exposure  will  be  structured  around  these  three  routes. 

Inhalation  Exposure 

Terrestrial  vertebrates  have  functionally  comparable  respiratory  systems  that  allow 
for  gas  exchange.  There  are  however  differences  among  vertebrate  groups.  For  ex¬ 
ample,  the  mammalian  lung  allows  for  more  of  a  tidal  flow  of  oxygen  in  and  out  of 
the  blind  ending  bronchial  tubes.  In  avian  species  the  elimination  of  blind  ending 
tubes  within  the  avian  lung  and  their  replacement  by  branching  parabronchi  and 
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air  capillaries,  coupled  with  the  development  of  air  sacs,  allows  birds  to  continu¬ 
ously  suffuse  air  through  the  branching  airways  of  the  lung.  The  blood-gas  barrier 
in  birds  is  much  thinner  to  allow  greater  efficiency  in  the  transfer  of  gases  and  to 
support  generally  higher  metabolic  rates.  These  processes  allow  for  a  higher  effi¬ 
ciency  of  gas  exchange  in  birds  and  are  a  characteristic  of  the  group. 

Adult  and  Fledgling  Exposure 

The  exposure  pathways  for  inhalation  consist  of  exposure  to  a  fog  oil  smoke  plume 
in  flight,  exposure  to  the  plume  while  at  rest  or  when  perched,  or  exposure  when  in 
the  nest  cavity.  During  flight,  respiration  rates  are  greater  than  those  at  rest, 
which  would  increase  the  rate  of  exposure  for  the  birds  in  flight.  In  flight,  exposure 
would  vary  with  location  of  flight  area  in  relation  to  the  smoke  plume.  Flight  di¬ 
rectly  into  the  plume  seems  likely  due  to  the  bird's  tolerance  to  smoke  from  forest 
fires  (Conner  et  al.  2001).  Birds  have  been  seen  traveling  through  smoke  plumes. 
Flight  through  home  ranges  during  military  training  exercises  is  also  likely,  al¬ 
though  apparently  no  more  likely  than  during  other  periods  (Hayden  et  al.  2002). 
In  part  because  of  the  adherence  to  Army  red-cockaded  woodpecker  management 
guidelines  (U.S.  Army  1996b),  fog  oil  smoke  concentration  and  dispersion  is  less 
through  forested  stands  that  the  red-cockaded  woodpecker  normally  uses.  Exposure 
at  rest  also  depends  on  location.  Resting  inside  the  cavity  would  give  the  birds,  par¬ 
ticularly  fledglings,  lower  exposure  levels  compared  to  resting  outside  the  cavity. 
American  robins  are  similar  in  size  (22  cm  and  70  to  90  g)  to  the  red-cockaded 
woodpecker  (USEPA 1993).  Overall  inhalation  rates  for  adult  American  robins  are 
considered  to  be  .041  m3/day  (3D/I  1997,  USEPA  1993). 

Nestling  Exposure 

Exposure  of  nestlings  to  aerosolized  fog  oil  is  through  one  route,  penetration  into 
the  nest  cavity.  Nestlings  spend  their  time  at  the  bottom  of  their  nest  cavities  (Fig¬ 
ure  6,  page  32),  as  do  adults  during  egg  laying,  incubation,  and  brooding  periods 
(Jackson  1994).  Guelta  and  Checkai  (2001)  have  reported  on  the  amount  of  fog  oil 
smoke  entering  natural  and  artificial  cavities  (such  as  used  on  military  installations 
and  throughout  the  red-cockaded  woodpecker  range  to  supplement  natural  cavities) 
under  laboratory  conditions.  The  amount  of  penetration  depends  in  part  on  the  ori¬ 
entation  of  the  cavity  to  the  fog  oil  smoke  release.  In  cavities  at  0,  90  and  180  de¬ 
grees  to  the  release  point,  fog  oil  smoke  that  entered  the  cavity  varied  from  ap¬ 
proximately  61%  to  94%  of  the  outside  concentration.  These  data  indicate  that  fog 
oil  obscurant  smoke  will  enter  red-cockaded  woodpecker  nest  cavities  and  can  be 
viewed  as  maximum  levels  expected.  Under  field  conditions  of  fog  oil  smoke  release, 
wind  velocity,  distance  from  the  source,  and  the  elevated  location  of  the  cavity  in 
relation  to  the  release  point  can  be  expected  to  reduce  the  amount  of  fog  oil  smoke 


ERDC/CERL  TR-05-4 


47 


entering  the  cavity.  Under  simulated  field  fog  oil  smoke  release  conditions,  Driver 
et  al.  (2002b)  reported  that  the  maximum  fog  oil  smoke  aerosol  concentration  in 
nest  cavities  was  73%  to  75%  of  the  outside  concentration.  Also  under  simulated 
field  fog  oil  smoke  release  conditions,  the  concentration  of  fog  oil  smoke  in  nest  cavi¬ 
ties  required  30  to  50  minutes  to  reach  90%  of  the  stable  concentration  in  the  cavity. 
Apparently,  it  takes  some  time  to  reach  maximum  concentration  in  nest  cavities. 
Additionally,  no  differences  in  fog  oil  aerosol  concentrations  were  detected  between 
natural  and  artificially  constructed  cavities  (Copeyon  1990,  Copeyon  et  al.  1991,  Al¬ 
len  1991,  Taylor  and  Hooper  1991). 

With  fog  oil  smoke  concentrations  in  both  natural  and  artificial  nest  cavities  at  less 
than  ambient  concentrations  outside  of  nest  cavities,  the  potential  for  nestling  expo¬ 
sure  to  fog  oil  smoke  aerosols  is  somewhat  reduced. 

Ingestion  Exposure 

Adult  and  Fledgling  Exposure 

Ingestion  exposure  is  possible  via  two  routes:  consumption  of  contaminated  prey  or 
water  and  during  preening.  Exposure  during  preening  depends  on  fog  oil  aerosol 
deposition  on  red-cockaded  woodpecker  plumage,  which  requires  that  birds  remain 
within  a  fog  oil  smoke  cloud  for  sufficient  period  and  that  fog  oil  aerosols  deposit  on 
their  feathers.  Given  the  relatively  rapid  evaporation  rates  of  residues  (Driver  et  al. 
1993),  preening  would  have  to  occur  shortly  after  deposition.  Driver  et  al.  (2002a) 
have  reported  that  actual  levels  of  fog  oil  aerosol  deposition  on  feathers  is  in  the 
nanogram  range,  so  the  opportunity  for  fog  oil  smoke  ingestion  from  preening  seems 
minimal. 

Exposure  during  consumption  is  possible  as  a  result  of  direct  deposition  of  fog  oil 
smoke  residues  on  arthropods  or  other  prey  or  subsequent  transfer  of  fog  oil  smoke 
residues  on  arthropods  from  the  surfaces  that  the  prey  come  into  contact  with, 
drinking  water,  or  through  bioaccumulation  and  transfer  of  fog  oil  constituents  in 
the  food  chain  (i.e.,  arthropods).  Red-cockaded  woodpeckers  forage  to  a  large  degree 
on  the  boles  and  branches  of  pines.  During  foraging,  red-cockaded  woodpeckers 
typically  remove  or  pry  away  loose  bark  with  their  bill  or  feet  to  reveal  insect  and 
other  arthropod  larvae,  pupae,  and  adults  (Bent  1992,  Jackson  1994).  Given  the 
extremely  high  proportion  of  arthropods  in  the  diet  of  nestlings  (Hanula  et  al. 
2000b)  foraging  on  trees  by  adults  is  probably  almost  exclusive  during  that  part  of 
the  life  cycle.  Some  arthropods  (e.g.,  ants,  Psocoptera,  spiders)  are  resident  species 
associated  with  pine  bark,  while  other  important  arthropods  either  crawl  up  or  fly 
to  their  pine  bark  habitat  from  the  forest  floor  detritus  or  other  vegetation  (Hanula 
and  Franzreb  1998).  Whether  living  on  pine  trees  or  moving  there  from  other  habi- 
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tats,  arthropods  in  all  life  stages  tend  to  remain  hidden  and  therefore  are  less  likely 
to  be  exposed  to  fog  oil  smoke  aerosols.  When  considering  insect  diets,  the  digestive 
efficiency  of  birds  is  approximately  70%  (Levey  and  Karasov  1989).  Thus,  not  all  fog 
oil  smoke  residues  associated  with  arthropod  prey  would  be  available  to  or  metabo¬ 
lized  by  red-cockaded  woodpeckers. 

Free  water  demand  by  red-cockaded  woodpeckers  is  seemingly  low  and  moisture 
needs  are  apparently  satisfied  by  that  obtained  from  arthropod  and  fruit  foods 
(USFWS  2003). 

Nestling  Exposure 

Pathways  for  exposure  through  ingestion  for  nestlings  are  the  same  as  for  adults 
and  fledglings.  However,  ingestion  exposure  due  to  preening  activities  would  be 
practically  nonexistent  because  of  the  comparative  lack  or  scarcity  of  feathers  dur¬ 
ing  the  nestling  stage.  Fledging  does  not  occur  until  approximately  26  days  or  more 
after  hatching  (Ligon  1971,  USFWS  2003).  Retrices  (flight  feathers)  are  typically 
not  fully  emerged  from  their  sheaths  at  fledging  and  fledglings  may  remain  par¬ 
tially  dependant  on  their  parents  for  2  to  5  months  after  hatching  (Jackson  1983, 
1994).  Exposure  is  possible  through  ingestion  of  fog  oil  smoke  residues  on  arthro¬ 
pod  and  other  food  items  coupled  with  theoretical  bioaccumulation  in  the  food  chain. 
Ingestion  exposure  would  almost  exclusively  be  through  ingestion  of  insects  since 
little  plant  material  is  offered  to  nestlings  (Hanula  et  al.  2000b,  Hanula  and  Eng- 
strom  2000). 

Contact  Exposure 

Contact  exposure  of  all  life  stages  of  red-cockaded  woodpeckers  could  occur  with  di¬ 
rect  exposure  of  feathers  or  dermal  or  other  body  surfaces  (e.g.,  mouth,  eye,  nasal) 
with  fog  oil  smoke  aerosols  or  residues. 

Adult  and  Fledgling  Exposure 

Excessive  exposure  of  feathers  to  petroleum  compounds  can  cause  a  loss  of  thermo¬ 
regulatory  ability  and  result  in  death  (Bourne  1968).  This  phenomenon  is  almost 
exclusively  limited  to  aquatic  and  marine  birds  (Rocke  1999).  In  red-cockaded 
woodpeckers,  thermoregulatory  ability  begins  about  4  days  after  hatching  and  is 
well  developed  by  days  13  to  15  (Jackson  1994). 

For  adults  and  fledgling  red-cockaded  woodpeckers,  given  the  comparatively  small 
area  of  eyes,  bill,  legs,  and  feet,  opportunity  for  direct  dermal  contact  with  fog  oil 
smoke  appears  to  be  minimal.  However,  ocular  surfaces  would  be  exposed  during 
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flight  through  fog  oil  smoke  plumes  and  feet  could  come  into  contact  with  fog  oil 
smoke  residues  that  may  be  present  on  tree  trunks  and  branches. 

Red-cockaded  woodpeckers  show  a  preference  for  larger  live  pines  as  foraging  areas 
(Hooper  and  Lennartz  1981,  Porter  and  Labisky  1986,  Bowman  et  al.  1997)  but  dy¬ 
ing  and  recently  dead  pines  can  be  important  also  (Ligon  1968,  Hooper  and  Len¬ 
nartz  1981,  Bowman  et  al.  1997).  Additionally,  males  more  commonly  forage  on 
dead  branches  on  the  crowns  of  trees,  while  females  more  commonly  forage  on  the 
trunk  (Ligon  1970,  Hooper  and  Lennartz  1981,  Engstrom  and  Sanders  1997, 
Hardesty  et  al.  1997).  Differences  in  potential  fog  oil  smoke  residue  contact  expo¬ 
sure  to  male  and  female  red-cockaded  woodpeckers  as  well  as  between  old,  young, 
live,  or  dead  pines  is  unknown  but  probably  inconsequential. 

Nestling  Exposure 

For  unfeathered  or  sparsely  feathered  nestlings,  the  potential  for  dermal  contact 
exposure  with  fog  oil  smoke  aerosols  exists  if  fog  oil  smoke  enters  nesting  cavities. 
However,  brooding  of  the  hatchlings  is  nearly  constant  for  the  first  4  days  after 
hatching,  decreases  in  duration  and  frequency  until  about  day  10,  and  may  continue 
at  night  until  just  prior  to  fledging  (Jackson  1994).  Thus,  adults  would  physically 
shield  hatchlings  from  deposition  of  fog  oil  obscurant  smoke  for  a  substantial  part  of 
their  early  life.  Additionally,  while  the  young  remain  in  the  bottom  of  the  nest  cav¬ 
ity  until  about  15  days  after  hatching,  during  the  last  3  to  5  days  the  nestlings  will 
begin  clinging  to  and  climbing  the  nest  cavity  walls  (Jackson  1994).  Although  fog  oil 
smoke  aerosol  may  enter  nest  cavities,  the  amount  actually  contacting  exposed  nes¬ 
tlings  is  reduced  from  outside  concentrations  (Guelta  and  Checkai  2001,  Driver 
2002b).  In  addition,  any  potential  nestling  dermal  exposure  would  be  limited  to  ap¬ 
proximately  the  first  2  weeks  after  hatching  since  erupted  feathers  cover  much  of 
the  body  surface  by  16  days  after  hatching  (USFWS  2003).  The  eyes  of  nestlings  do 
not  open  until  about  10  days  after  hatching  (Jackson  1994)  therefore  ocular  contact 
exposure  cannot  occur  before  that  time. 

Driver  et  al.  (2002b)  reported  average  fog  oil  smoke  aerosol  deposition  on  the  floor  of 
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the  exposure  chamber  as  5.9  ng/crrf .  Assuming  a  25%  reduction  in  the  amount  of 
fog  oil  smoke  deposition  on  a  nest  cavity  floor  based  on  a  similar  reduction  in  fog  oil 

smoke  aerosol  concentration  in  the  atmosphere  in  a  nest  cavity  (Guelta  and  Checkai 
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2001,  Driver  2002b),  deposition  on  nestlings  can  be  estimated  at  4.4  ng/cm  . 
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Egg  Exposure 

The  avian  embryo  is  contained  in  a  virtual  closed  system  from  the  time  of  laying  un¬ 
til  it  is  hatched,  which  for  the  red-cockaded  woodpecker  lasts  10  to  13  days  (Jackson 
1994).  Both  parents  incubate  with  incubation  usually  beginning  after  the  second 
egg  is  laid  (a  clutch  generally  contains  2  to  4  eggs)  with  the  eggs  therefore  hatching 
at  different  intervals  (Ligon  1970).  Not  all  eggs  hatch,  and  some  nestlings,  gener¬ 
ally  the  youngest,  die  in  the  nest  (USFWS  2003).  Because  incubation  is  a  more  or 
less  continuous  activity,  there  is  little  likelihood  of  substantial  exposure  while  the 
parents  are  incubating.  Additionally,  Army  red-cockaded  woodpecker  management 
guidelines  (U.S.  Army  1996b)  prohibit  any  fog  oil  smoke  generation  within  200  ft  of 
known  cavity  trees. 

Driver  et  al.  (2002b)  measured  fog  oil  deposition  on  eggs  of  northern  bobwhite 
( Colinus  virginianus )  in  red-cockaded  woodpecker  nest  cavities  under  simulated 
field  fog  oil  smoke  release  conditions.  After  30  minutes  of  exposure  to  fog  oil  smoke 
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at  over  300  mg/m  ,  the  amount  deposited  to  egg  surfaces  was  extremely  small  (i.e., 
average  70.6  ng/egg),  and  in  over  90%  of  samples  was  found  to  be  undetectable. 

Other  Behavioral  Factors 

When  characterizing  exposure  it  is  important  to  consider  how  the  stressor  may  af¬ 
fect  the  behavior  of  the  ecological  components  of  concern,  thereby  influencing  the 
magnitude  or  likelihood  of  exposure.  For  example,  increased  preening  is  common  in 
oil-soaked  birds.  If  fog  oil  smoke  aerosol  settles  on  avian  feathers  and  induces  in¬ 
creased  preening  behavior,  individuals  may  experience  elevated  rates  of  ingestion 
exposure.  Another  example  of  how  fog  oil  smoke  may  indirectly  influence  exposure 
is  if  insects  exposed  and/or  contaminated  by  fog  oil  smoke  have  an  increased  prob¬ 
ability  of  being  consumed  by  red-cockaded  woodpeckers.  On  the  other  hand,  it  is 
also  possible  that  contaminated  insects  may  be  consumed  with  less  frequency,  due 
to  reduced  palatability  or  mortality  induced  by  fog  oil  smoke  and  the  consequent  re¬ 
duced  availability. 

For  the  red-cockaded  woodpecker  there  is  no  information  to  suggest  that  behavior- 
ally  the  species  is  inordinately  susceptible  to  fog  oil  smoke  aerosol  exposure. 

Exposure  Profile 

The  exposure  profile  presented  in  Table  8  is  a  summary  and  compilation  of  identi¬ 
fied  fog  oil  smoke  exposure  levels  for  the  red-cockaded  woodpecker  and  its  habitat. 
The  profile  identifies  and  takes  into  account  red-cockaded  woodpecker  habitat  at- 
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tributes  and  component  exposure  pathways  that  contribute  to  or  are  integral  to  red- 
cockaded  woodpecker  ecology.  The  profile  also  identifies  exposure  pathways  for  red- 
cockaded  woodpecker  life  stages. 

Exposure  to  fog  oil  smoke  residues  through  direct  or  indirect  soil,  water,  vegeta¬ 
tion/leaf,  bark,  and  insect  food  pathways  appears  minimal.  When  compared  with 
concentrations  of  fog  oil  components  in  soil  samples  collected  at  reference  and  con¬ 
trol  sites,  concentrations  of  fog  oil  components  detected  in  soil,  water,  vegeta¬ 
tion/leaf,  bark,  and  insect  samples  collected  at  military  fog  oil  smoke  exposed  sites 
were  either  non-existent,  lower,  and/or  not  of  concern  (3D/I  1996).  For  the  red- 
cockaded  woodpecker  the  most  important  exposure  pathways  are  those  that  may 
bring  fog  oil  smoke  aerosols  into  direct  contact  with  the  individual,  specifically  der¬ 
mal,  ingestion,  and  inhalation  routes. 

The  exposure  levels  presented  were  derived  from  the  identified  sources.  As  indi¬ 
cated  previously,  information  and  data  on  ecological  impacts  and  effects  of  fog  oil 
smoke  is  limited.  Nonetheless,  the  summary  presented  represents  an  interpreta¬ 
tion  of  available  information.  Incorporating  information  from  the  exposure  analy¬ 
sis,  the  exposure  profile  quantifies  the  magnitude  and  spatial  and  temporal  pat¬ 
terns  of  exposure  for  the  scenarios  developed  during  the  problem  formulation  stage 
(Figure  5,  page  32)  and  serves  as  input  to  the  risk  characterization  (Norton  et  al. 
1993). 


Table  8.  Fog  oil  smoke  aerosol  exposure  profile. 


Parameter 

Contact 

Ingestion 

Inhalation 

SoilA 

308  mg/m2 

NA 

NA 

Ground  vegetation* 

2772  mg/m2 

NA 

NA 

Tree  boles, 
horizontal  perches* 

770  ng/m2 

NA 

NA 

Arthropods* 

154  ng/m2 

>154  ng/m2 

>154  ng/m2 

EggB 

71  ng/egg 

NA 

71  ng/egg 

Hatchling 

4.4  ng/cm2C 

96  mg/kg  E 

450  mg/m3  B 

Fledgling 

1.3  ng/gE 

96  mg/kg  E 

450  mg/m3  B 

Adult 

1.3  ng/gE 

96  mg/kg  D 

400  mg/m3  D 

*  Derived  from  Getz  et  al.  1 996. 

B  Driver  et  al.  2002b. 
c  Derived  from  Driver  et  al.  2002b. 

D  Driver  et  al.  2002a. 

E  Derived  from  Driver  et  al.  2002a. 

52 


ERDC/CERL  TR-05-4 


Stressor-Response  Profile 

In  the  evaluation  of  ecological  risk  the  relationships  between  the  stressor  and  eco¬ 
system  or  organism  and  their  responses  must  be  understood.  In  the  case  at  hand, 
the  issue  is  the  exposure  of  red-cockaded  woodpeckers  and  their  habitats  to  military 
fog  oil  smoke  obscurants  and  any  resultant  responses,  impacts,  and/or  effects.  As 
indicated  previously,  data  and  information  on  avian  responses  (i.e.,  physiological, 
biological,  ecological)  due  to  exposure  to  fog  oil  and  fog  oil  smoke  aerosol  obscurants 
is  somewhat  limited.  Nonetheless,  as  derived  from  surrogate  species  studies  for  the 
red-cockaded  woodpecker  and  fog  oil  smoke  obscurant  exposure,  response  levels  and 
parameters  can  be  estimated  or  identified  (Table  9). 


Table  9.  Response  levels  of  red-cockaded  woodpeckers  and  red-cockaded  woodpecker 
surrogates  to  exposure  to  fog  oil  or  fog  oil  smoke  aerosol. 


Lethal  concentration50  (LC50)A 

Not  known 

Lethal  doseso  (LDso)6 

Not  known 

Effective  concentration50  (EC5o)c 

Not  known 

Lowest  Observed  Adverse  Effect  Level 
(LOAEL)0 

See  Table  10 

Contact 

Ingestion 

Inhalation 

No  Observed  Adverse  Effect  Level  (NOAEL)e’  f 

Egg 

71  ng/egg 

— 

— 

Hatchling 

96  mg/kg 

450  mg/m3 

Fledgling 

4.4  ng/cm2 

96  mg/kg 

Adult 

1  -3  mg/g 

96  mg/kg 

Toxicity  Reference  Values6 

adult  (chronic) 

0.13  g/kg 

0.014  g/kg 

0.000625  g/m3 

adult  (acute) 

1 .4  g/kg 

1.10  g/kg 

A  Concentration  of  a  substance  that  is  estimated  to  be  lethal  to  50%  of  the  test  organisms  over  a  specific 
period  of  time. 

B  Dose  of  a  substance  that  causes  mortality  in  50%  of  the  organisms  tested  over  a  specific  period  of  time. 
6  The  concentration  of  a  substance  that  is  estimated  to  cause  a  toxic  effect  in  50%  of  the  test  organisms. 
D  The  lowest  dose  (or  concentration)  in  a  toxicity  test  or  biological  field  survey  that  causes  a  statistically 
significant  adverse  effect. 

E  The  highest  dose  (or  concentration)  in  a  toxicity  test  or  biological  field  survey  not  causing  a  statistically 
significant  adverse  effect. 

F  Derived  from  Driver  et  al.  2002a,  2002b. 

6  From  3D/I  1997. 

[Footnotes  A-E  from  USEPA 1997,  Simini  et  al.  2000,  Rand  and  Petrocelli  1985.] 
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A  method  of  describing  or  quantifying  toxicity  is  through  consideration  of  the  lowest 
levels  or  concentration  where  effects  are  observed  (LOAELs)*  and/or  those  levels  or 
concentrations  where  no  adverse  effect  or  modification  was  observed  (NOAELs)t. 
Another  means  of  describing  or  profiling  exposure  assessment  and  toxicity  is  the 
use  of  toxicity  reference  values  or  TRVs.  TRVs  are  numerical  expressions  of  expo¬ 
sure-response  relationships  (USEPA  1997a)  derived  from  available  toxicity  data  for 
a  particular  stressor,  with  considerations  of  uncertainty  included,  and  can  be  used 
to  generate  an  estimated  NOAEL  (3D/1 1997).  The  TRVs  shown  in  Table  9  were  de¬ 
rived  from  fog  oil  smoke  exposure  investigations  relative  to  the  American  robin.  Be¬ 
cause  of  general  similarities  and  comparability  to  the  red-winged  blackbird  (3D/I 
1997,  USEPA  1993),  the  American  robin  can  also  be  considered  a  suitable  surrogate 
for  the  red-cockaded  woodpecker.  While  the  NOAELs,  and  TRVs  shown  in  Table  9 
were  derived  in  different  studies,  they  nonetheless  appear  to  be  in  reasonable 
agreement  with  each  other. 

Evaluation  of  Relevant  Effects  Data 

Data  and  information  on  the  effects  and  impacts  of  fog  oil  smoke  obscurant  on  red- 
cockaded  woodpecker  surrogates  are  presented  in  Tables  7  (page  26)  and  9.  Because 
NOAEL  and  LOAEL  values  typically  are  obtained  or  estimated  by  hypothesis  test¬ 
ing,  the  actual  proportion  of  the  test  organisms  showing  an  adverse  response  de¬ 
pends  on  the  sample  size,  variability  of  response,  and  the  exposure  and/or  dose  in¬ 
terval.  For  this  reason,  it  has  been  recommended  that  the  more  conservative 
NOAELs  be  used  to  determine  exposure  levels  that  are  unlikely  to  adversely  affect 
receptor  populations  (i.e.,  red-cockaded  woodpeckers;  USEPA  1997a).  If  NOAELs 
are  unavailable  a  standard  practice  is  to  multiply  the  LOAEL  by  0.1  and  apply  or 
use  that  value  as  a  NOAEL.  This  practical  convention  originates  from  a  review  of 
data  indicating  that  all  of  the  chemicals  included  in  that  review  that  had 
LOAEL/NOAEL  ratios  of  10  or  less  (Dourson  and  Stara  1983,  USEPA  1997a).  Ap¬ 
plying  this  approach  in  reverse,  LOAEL  values  for  the  red-cockaded  woodpecker  are 
presented  in  Table  10. 


Lowest  observed  adverse  effect  level  (LOAEL).  The  lowest  level  of  a  stressor  evaluated  in  a  test  that  causes  sta¬ 
tistically  significant  differences  from  the  controls  (Suter  et  al.  2001 ). 

t  No  observed  adverse  effect  level  (NOAEL).  The  highest  level  of  a  stressor  evaluated  in  a  test  that  does  not  cause 
statistically  significant  differences  from  the  controls  (Suter  et  al.  2001 ). 
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Table  10.  Calculated  lowest  adverse  effect  levels  of  fog  oil  smoke  aerosol  on  the  red-cockaded 
woodpecker  (derived  from  Table  9). 


Contact 

Ingestion 

Inhalation 

Egg 

710  ng/egg 

— 

— 

Hatchling 

44  ng/cm2 

.96  g/kg 

4.5  g/m3 

Fledgling 

44  ng/cm2 

.96  g/kg 

4.5  g/m3 

Adult 

1 3  mg/g 

.96  g/kg 

4.0  g/m3 

The  NOAELS  presented  in  Table  9  were  generally  derived  from  single-exposure  or 
relatively  short-term  (i.e.,  acute)  studies.  Although  data  and  information  from 
longer-term  (i.e.,  chronic)  studies  are  preferred,  the  data  and  information  used  in 
this  ecological  risk  assessment  are  those  that  are  available. 

Ecological  Response  Analyses 

The  intent  of  ecological  response  analysis  is  to  identify  and  quantify  the  stressor- 
response  relationship  and  to  evaluate  the  evidence  for  causality.  To  be  meaningful, 
the  cause  and  effect  relationship  and/or  relationships  between  the  contami¬ 
nant/stressor  (i.e.,  fog  oil  smoke  obscurant)  and  the  receptor/endpoint  (i.e.,  red- 
cockaded  woodpecker)  must  be  established. 

As  reiterated  throughout  this  ecological  risk  assessment,  the  information  available 
relative  to  impacts  and  effects  of  fog  oil  smoke  obscurant  on  avian  species  is  derived 
from  fog  oil  smoke  exposure  studies  of  surrogate  red-winged  blackbirds  and  house 
sparrows  (Driver  et  al  2002a,  2002b,  2004),  which,  based  on  physical,  physiological, 
behavioral,  and  other  parameters  (e.g.,  size,  environmental  sensitivity,  altricial  de¬ 
velopment),  are  deemed  comparable  to  the  red-cockaded  woodpecker.  In  those  in¬ 
vestigations,  red-cockaded  woodpecker  surrogates,  eggs,  and  nesting  cavities  were 

3  3 

exposed  to  50  mg/m  and  100  mg/m  of  fog  oil  smoke,  which  is  typical  of  observed 
military  training  field  concentrations.  Surrogates,  eggs,  and  nesting  cavities  were 

3  3 

also  exposed  to  fog  oil  smoke  concentrations  of  from  300  mg/m  to  400  mg/m  and 

3 

450  mg/m  ,  which  are  levels  present  only  in  proximity  to  a  source  generating  fog  oil 
obscurant  smoke. 

These  studies  reported: 

•  no  mortality  attributable  to  exposure  to  aerosolized  fog  oil; 

•  no  behavioral  indications  (e.g.  fluffed  feathers,  increased  feeding)  of  adverse 
effects  of  exposure  to  aerosolized  fog  oil; 
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•  no  signs  of  respiratory  stress  (e.g.,  respiratory  rate)  due  to  exposure  to 
aerosolized  fog  oil; 

•  no  significant  negative  physiological  indications  or  clinical  toxicity 
(e.g.,  muscular  atrophy,  depleted  body  fat,  changes  in  weight  of  internal 
organs  [e.g.,  spleen])  attributable  to  exposure  to  aerosolized  fog  oil; 

•  no  gross  histopathological  lesions  (e.g.,  lymphoid  nodules,  inflammation)  or 
toxic  indications  of  exposure  to  aerosolized  fog  oil; 

•  no  observed  long-term  organ  dysfunction  due  to  exposure  to  aerosolized  fog 
oil; 

•  no  immunomodulation  or  immunosuppression  due  to  exposure  to  aerosolized 
fog  oil; 

•  no  reduction  in  hatching  success  due  to  exposure  to  aerosolized  fog  oil; 

•  no  reduction  in  fledgling  success  due  to  exposure  to  aerosolized  fog  oil;  and 

•  no  reduction  in  fledging  survival  due  to  exposure  to  aerosolized  fog  oil 
(Table  5,  page  16). 
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5  Risk  Characterization 


Risk  characterization  is  the  final  phase  of  ecological  risk  assessment.  During  this 
phase,  the  likelihood  of  adverse  effects  occurring  as  a  result  of  exposure  to  a  stressor 
is  evaluated  (Norton  et  al.  1993,  USEPA 1998,  Suter  et  al.  2001).  Risk  characteriza¬ 
tion  contains  two  major  steps:  risk  estimation  and  risk  description  in  terms  of  the 
assessment  endpoints.  Risk  characterization  integrates  data  and  information  on 
stressor-exposure  and  receptor-response  relationships  and  results  in  an  estimate(s) 
of  the  likelihood  and/or  severity  of  possible  adverse  effects  of  exposure.  Risk  charac¬ 
terization  also  can  include  an  “analysis”  of  uncertainty  and  the  presentation  of  con¬ 
clusions. 


Risk  Estimation 

Risk  Estimation  Approaches 

A  number  of  approaches  have  been  identified  to  characterize  and/or  estimate  risk 
(USEPA  1998,  Simini  et  al.  2000,  Suter  et  al.  2001).  Major  ecological  risk  estima¬ 
tion  and/or  characterization  approaches  can  be  classified  broadly  as  the  (1)  hazard 
quotient,  (2)  probabilistic,  and  (3)  lines  of  evidence  methods. 

The  hazard  quotient  risk  assessment  approach  uses  estimates  or  measurements  of 
presumed  or  estimated  concentrations  to  known  or  extrapolated  levels  of  toxicant  or 
other  stressors  (Simini  et  al.  2000).  Hazard  quotients  generally  are  derived  by  di¬ 
viding  measured  or  estimated  (e.g.,  modeled)  exposure  level  (i.e.,  the  esti¬ 
mated/measured  exposure  concentration)  by  the  concentration  corresponding  to  an 
acceptable  level  of  risk  or  the  toxicological  endpoint  concentration  (e.g.,  LOAEL, 
NOAEL,  or  other  level*;  USEPA  1997a).  The  hazard  quotient  method  typically  is 
employed  to  estimate  the  possibility  of  an  adverse  effect  from  a  single  exposure  to  a 
specific  receptor  at  a  given  site.  The  hazard  quotient  method  results  in  a  single 
number  or  point  estimate.  That  number,  which  is  the  ratio  or  quotient  of  the  expo- 


When  using  dose  instead  of  site  concentrations,  the  estimated/measured  exposure  concentration  is  the  dose  cor¬ 
responding  to  an  acceptable  level  of  risk  and  the  toxicological  endpoint  is  a  TRV. 
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sure  value  to  the  effect  value,  provides  a  relative  estimate  of  risk.  Generally,  ratios 
of  estimated/measured  exposure  concentrations  to  toxicological  endpoint  concentra¬ 
tions  greater  than  1.0  are  considered  indicative  of  potential  risk. 

The  probabilistic  risk  assessment  approach,  rather  than  using  a  single  point(s)  as  in 
the  hazard  quotient  method,  uses  statistical  distributions  of  data  to  model  distribu¬ 
tions  of  concentrations,  exposure,  effects,  or  other  parameters  (e.g.,  hazard  quo¬ 
tients;  USEPA  1997b).  Ecological  risk  can  then  be  quantified  by  the  overlap  be¬ 
tween  dose  and  response  distributions  with  greater  overlap  indicating  greater 
ecological  effect.  With  the  advent  of  enhanced  computational  software  capabilities, 
probabilistic  risk  assessment  applications  are  more  easily  approached.  However, 
the  theoretical  distributions  generated  are  models  in  and  of  themselves  and  not 
necessarily  a  totally  complete  reflection  of  actual  conditions.  Certainly  the  assumed 
distributions  can  be  considered  to  increase  or  introduce  elements  of  uncertainty. 

The  lines  of  evidence  approach  (USEPA  1998)  can  be  described  as  relating  multiple 
or  different  sources  of  data  and  information  to  estimate  ecological  risk.  Different 
and  diverse  data  and  information  can  be  appraised  and  integrated  so  that  a  weight 
of  evidence  evaluation  (Suter  et  al.  1993,  Simini  et  al.  2000)  can  be  made.  In  this 
instance,  rather  than  modeling  possible  effects  or  risk  as  is  the  case  with  strictly 
hazard  quotient  and  probabilistic  approaches,  available  data  from  all  sources  are 
evaluated  and  used  to  estimate  the  likelihood  of  significant  effects  occurring  that 
are  attributable  to  the  stressor.  This  is  the  approach  used  in  this  ecological  risk  as¬ 
sessment. 

Integration  of  Exposure  and  Ecological  Characterizations  and 
Exposure-Stressor  Response 

Red-cockaded  woodpecker  populations  are  present  on  nine  Army  installations,  rang¬ 
ing  broadly  across  the  southeastern  part  of  the  country  from  North  Carolina  to  Lou¬ 
isiana  (Table  1,  page  11).  Red-cockaded  woodpecker  populations  on  Army  installa¬ 
tions  have  been  identified  as  important  to  species  recovery  and  ultimate  removal 
from  Endangered  Species  Act  protection.  The  species  is  nonmigratory  and  inhabits 
mature  open  pine  forests.  This  habitat  type  (i.e.,  mainly  pyroclimax  longleaf  pine) 
has  been  reduced  to  only  a  small  percentage  of  its  original  pre-settlement  extent. 
Thus,  the  overriding  threat  to  the  species  and  the  greatest  impediment  to  its  recov¬ 
ery  is  the  lack  of  suitable  habitat. 

Red-cockaded  woodpeckers  live  in  family  groups  and  have  a  cooperative  breeding 
system  where  non-breeding  birds  (i.e.,  “helpers”)  assist  with  brood  rearing.  Breed¬ 
ing  and  brood  rearing  occurs  from  April  through  July  with  nesting  occurring  in 
natural  or  artificial  cavities  at  suitable  sites.  Red-cockaded  woodpeckers  are  pri- 
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marily  insectivorous,  generally  foraging  on  branches  and  trunks  of  large  pines,  usu¬ 
ally  within  0.8  km  of  their  cavity  trees.  Daytime  is  spent  foraging  (for  self  or 
broods)  or  maintaining  home  range  and  territorial  boundaries.  At  night,  birds  roost 
in  cavities.  Red-cockaded  woodpeckers  are  tolerant  of  smoke  from  prescribed  and 
natural  fires,  as  well  as  human-induced  noise  and  disturbance  such  as  that  pro¬ 
duced  by  or  resulting  from  Army  training  activities  (e.g.,  fog  oil  smoke  generator 
and  tracked  vehicles,  small  arms  fire,  aircraft;  Delaney  et  al.  2002,  Hayden  et  al. 
2002). 

Currently  produced  and  utilized  parent  fog  oil  is  best  characterized  and  described  as 
a  refined  mineral  oil  with  no  carcinogenic  constituents  or  potentially  carcinogenic 
effects.  Fog  oil  smoke  obscurant  is  an  aerosol  mist  (droplets  nominally  0.9  to  1.9  pm 
in  size),  produced  by  heating  fog  oil  in  a  movable-mobile  (e.g.,  vehicle-mounted) 
chamber  and  ejecting  it  in  Army  and  other  military  training  and  testing  scenarios. 
The  resulting  concentration  of  fog  oil  smoke  aerosols  in  the  atmosphere  is  dynamic 
and  varies  with  local  atmospheric,  terrain,  and  training  or  testing  protocols.  Typi¬ 
cal  and  representative  field  concentrations  of  fog  oil  smoke  are  approximately  50  to 

3 

100  mg/m  .  Generated  fog  oil  smoke  clouds  are  variable  in  size,  with  a  reasonable 
estimated  average  size  being  1000  m  by  1000  m.  The  vertical  extent  of  fog  oil  smoke 
clouds  is  also  variable,  with  higher  concentrations  being  closer  to  ground  level.  Fog 
oil  smoke  aerosol  deposition  and  deposition  rates  decline  with  distance  from  the 
generation  source.  Fog  oil  smoke  residues  degrade  over  time  via  natural  biotic  and 
abotic  processes.  Additionally,  fog  oil  smoke  aerosols  evaporate,  diffuse,  and  other¬ 
wise  dissipate  rapidly  (i.e.,  <30  minutes)  at  normal  temperatures. 

Fog  oil  utilization  and  resultant  fog  oil  smoke  generation  is  variable.  As  a  generali¬ 
zation,  on  a  given  Army  installation,  training  exercises  involving  fog  oil  smoke  ob¬ 
scurant  are  conducted  sporadically,  six  to  eight  times  a  year.  Those  training  exer¬ 
cises  typically  last  a  week  or  less  and  during  that  period  fog  oil  smoke  is  generated 
about  four  times,  most  often  less  than  1  hour  for  each  event.  A  fog  oil  smoke  gen¬ 
erator  typically  uses  approximately  50  gallons  of  fog  oil,  during  a  typical  1-hour 
training  event.  Fog  oil  smoke  obscurant  is  deployed  and  used  by  the  Army  world¬ 
wide.  However,  there  are  only  eight  Army  installations  where  red-cockaded  wood¬ 
pecker  occurrence  and  potential  fog  oil  obscurant  smoke  training  or  testing  coincide. 
Four  of  those  installations  have  major  primary  core  red-cockaded  woodpecker  popu¬ 
lations  with  the  others  having  “secondary”  but  nonetheless  important  support  popu¬ 
lations. 

Little  data  and  information  are  available  on  the  impacts  and  effects  of  fog  oil  smoke 
on  the  naturally  occurring  biologic  components  of  ecosystems,  including  wildlife. 
Fog  oil  exposure  and  potential  toxicity  is  not  necessarily  comparable  to  or  the  same 
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as  fog  oil  obscurant  smoke  exposure  and  potential  toxicity.  Physical  and  chemical 
changes  may  take  place  in  fog  oil  during  smoke  generation  and  subsequent  to  re¬ 
lease  to  the  atmosphere.  The  available  data  and  information  indicate  that  at  least 
under  typical  generation  and  release  conditions,  fog  oil  smoke  has  little  if  any  iden¬ 
tifiable  impact  or  effect  on  vegetation,  soil  or  other  microbes,  and  invertebrates.  In 
three  separate  focused  fog  oil  smoke  obscurant  exposure  studies  of  multiple  surro¬ 
gate  species  for  the  red-cockaded  woodpecker  in  simulated  field  conditions,  and  with 

3 

fog  oil  smoke  exposures  of  up  to  450  mg/m  ,  researchers  observed  no  mortality;  no 
reduced  adult,  fledgling,  or  hatchling  success,  and  survival;  and  no  negative  behav¬ 
ioral,  physiological,  immuninological,  or  other  effects  attributable  to  fog  oil  smoke 
exposure  (Driver  et.  al  2002a,  2002b,  2004).  In  a  related  predictive  assessment  and 
investigation  involving  the  American  robin,  no  acute  or  identifiable  chronic  toxico¬ 
logical  effects  attributable  to  fog  oil  smoke  exposure  from  Army  fog  oil  smoke  train¬ 
ing  and  testing  events  were  anticipated  (3D/I  1997).  Further,  bioaccumulation  of 
fog  oil  smoke  residues  has  not  been  demonstrated  or  established  (3D/I  1996). 


Risk  Description 

Characterization  of  Ecological  Effects 

To  characterize  the  ecological  effects,  the  relationship  between  the  stressor  and  the 
assessment  and  measurement  endpoints  is  analyzed.  To  be  at  risk  from  an  envi¬ 
ronmental  stressor,  environmental  components  and  the  environmental  stressor 
must  coexist,  be  available  to,  and/or  come  in  contact  with  each  other.  This  coexis¬ 
tence,  availability,  or  contact  can  have  either  spatial  or  temporal  components,  or 
both. 

For  the  red-cockaded  woodpecker,  ecological  effects  of  greatest  concern  are  those 
that  may  affect  populations.  Community-level  effects  are  also  a  concern.  In  part 
because  of  the  Endangered  Species  Act  and  the  implementation  requirements  in¬ 
cumbent  on  Federal  agencies  (e.g.,  50  CFR  401  et  seq.),  individual  effects  can  also 
be  important. 

Nature  of  Effects 

The  potential  effects  of  fog  oil  obscurant  smoke  on  the  red-cockaded  woodpecker  can 
be  broadly  categorized  as  those  related  to  short-term  (i.e.,  acute)  exposure,  long¬ 
term  (i.e.,  chronic)  exposure,  toxicity,  behavior,  reproductive  success,  physiological 
processes,  bioaccumulation,  and  habitat. 
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In  this  ecological  risk  assessment,  no  short-term  or  acute  effects  attributable  to  fog 
oil  obscurant  smoke  exposure  at  representative  and  elevated  concentrations,  as  re¬ 
lated  to  the  red-cockaded  woodpecker,  could  be  identified  or  experimentally  demon¬ 
strated  (Table  7,  page  26). 

Long-term  or  chronic  effects  of  exposure  to  smoke,  smoke  residue,  and  smoke  trans¬ 
formation  products  could  take  years  or  even  decades  to  exhibit  obvious  symptoms  in 
ecological  systems  (NRC  1997).  Long-term  risks  might  be  related  to  changes  such 
as  decreased  fertility,  decreased  survivability,  increased  vulnerability,  decreased  fit¬ 
ness,  and  behavioral  alteration,  as  well  as  interrelated  changes  in  habitat  or  its  as¬ 
sociated  components.  The  available  information  and  data  on  short-term  exposure  to 
fog  oil  obscurant  smoke  is  inadequate  to  provide  a  complete  evaluation  of  long-term, 
chronic  effects  at  this  time.  However,  the  lack  of  identifiable  short-term  effects 
gives  an  indication  of  a  lack  of  long-term  effects. 

Intensity  of  Effects 

The  intensity  or  relative  strength  (e.g.,  duration,  severity)  of  a  response  to  exposure 
to  an  environmental  stressor  can  provide  important  information  or  at  least  indica¬ 
tions  of  the  potential  effects  of  the  stressor  on  particular  measurement  endpoints 
and  ultimately  on  established  assessment  endpoints. 

In  this  ecological  risk  assessment,  identifiable  and  significant  effects  related  to  a 
broad  range  of  parameters  including  deposition  (e.g.,  eggs,  nest  cavities),  toxicity 
(e.g.,  inhalation,  ingestion,  dermal,  soil  microbes,  vegetation,  arthropods),  behavior 
(e.g.,  food  consumption,  posture),  reproductive  success  (e.g.,  hatching,  fledging),  sur¬ 
vival,  and  bioaccumulation,  attributable  to  fog  oil  obscurant  smoke  exposure  at  rep¬ 
resentative  and  elevated  concentrations  could  not  be  identified  or  experimentally 
demonstrated  (Table  7,  page  26).  Further,  no  data  or  information  indicating  nega¬ 
tive  effects  of  fog  oil  obscurant  smoke  on  the  red-cockaded  woodpecker  or  its  habitat 
are  known. 

Spatial  Scale 

Throughout  their  range  (Figure  3,  page  20)  red-cockaded  woodpeckers  are  poten¬ 
tially  exposed  to  fog  oil  smoke  obscurant  at  approximately  16  relatively  discrete  lo¬ 
cations  (USFWS  2003).  These  locations  correspond  with  Army,  Marine  Corps,  Navy, 
Air  Force,  and  National  Guard  installations.  While  it  is  not  necessary  or  practical 
for  purposes  of  this  ecological  risk  assessment  to  identify  every  individual  site 
where  fog  oil  obscurant  smoke  use  may  occur,  it  is  believed  that  fog  oil  obscurant 
smoke  usage  occurs  only  at  Army  installations  (Table  1,  page  11),  U.S.  Marine  Corps 
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Base  Camp  Lejeune,  NC;  and  Camp  Blanding,  FL;  which  is  administered  by  the 
Florida  Department  of  Military  Affairs. 

At  those  military  installations  where  fog  oil  obscurant  smoke  training  and  use  oc¬ 
curs,  smoke  generation  is  done  on  designated  training  ranges  under  controlled  and 
simulated  battlefield  conditions.  These  training  ranges,  depending  on  location,  may 
or  may  not  be  in  congruence  with  red-cockaded  woodpecker  habitat.  Certainly  all 
red-cockaded  woodpecker  habitat  on  military  installations  where  fog  oil  obscurant 
smoke  is  employed  is  not  subject  to  fog  oil  obscurant  smoke  exposure. 

Temporal  Scale 

Military  fog  oil  obscurant  smoke  training  and  use  can  take  place  at  all  times  of  the 
year  and  at  all  hours.  From  a  practical  as  well  as  an  operational  standpoint,  fog  oil 
obscurant  smoke  training  almost  always  takes  place  during  daytime  hours  because 
smoke  obscuring  qualities  are  not  necessary  after  night  fall.  Military  fog  oil  obscur¬ 
ant  smoke  training  exercises  typically  last  a  maximum  of  90  minutes  (U.S.  Army 
1996a),  with  the  resultant  smoke  cloud  dissipation  dependent  on  local  climactic  con¬ 
ditions,  primarily  those  related  to  wind. 

If  red-cockaded  woodpeckers  (i.e.,  adults,  fledged  young)  flew  into  the  smoke  plume, 
it  would  be  expected  that  total  exposure  time  would  be  minimal  with  a  theoretical 
and  unrealistic  maximum  exposure  being  equal  to  the  duration  of  the  specific  train¬ 
ing  event.  The  same  potential  maximum  time  can  be  expected  for  other  ecological 
components  (e.g.,  soil,  vegetation,  arthropods).  Eggs  and  young  birds  in  the  nest 
cavity  are  also  potentially  exposed  to  fog  oil  obscurant  smoke  during  training 
events.  While  the  rate  of  air  exchange  in  the  nest  cavity  is  unknown,  fog  oil  smoke 
concentrations  in  nest  cavities  have  been  shown  to  be  considerably  reduced  from 
outside  ambient  concentrations  (Guelta  and  Checkai  2001,  Driver  et  al.  2002b). 

Disturbance  related  to  human  and  military  training  activity,  which  is  generally  as¬ 
sociated  with  fog  oil  smoke  obscurant  training  events  (e.g.,  noise,  military  maneu¬ 
ver),  has  not  been  shown  to  negatively  impact  red-cockaded  woodpecker  populations 
(Hayden  et  al.  2002,  Delaney  et  al.  2002). 


There  is  some  potential  for  oil  smoke  obscurant  smoke  use  at  Eglin  Air  Force  Base,  FL,  as  part  of  Army  Reserve  or 
National  Guard  training. 
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Potential  for  Recovery 

A  goal  of  recovery  for  the  red-cockaded  woodpecker  is  “delisting”  or  no  longer  being 
classified  as  endangered.  An  interim  recovery  goal  for  the  species  can  be  considered 
“downlisting”  to  a  less  precarious  threatened  status.  Five  factors  are  identified  (16 
USC  1533(a)(1))  which  must  be  eliminated  before  delisting  can  occur.  These  five 
factors  include:  (1)  the  present  or  threatened  destruction,  modification,  or  curtail¬ 
ment  of  its  habitat  or  range;  (2)  overutilization  for  commercial,  recreational,  scien¬ 
tific,  or  educational  purposes,  (3)  disease  or  predation;  (4)  the  inadequacy  of  existing 
regulatory  mechanisms;  or,  (5)  other  natural  or  manmade  factors  affecting  its  con¬ 
tinued  existence. 

For  the  red-cockaded  woodpecker,  delisting  will  occur  when  each  of  the  following 
criteria  (summarized)  is  met  (USFWS  2003): 

Criterion  1  -  there  are  10  populations  of  red-cockaded  woodpeckers  that  each  con¬ 
tain  at  least  350  potential  breeding  groups,  and  1  population  that  contains  at 
least  1000  potential  breeding  groups  from  among  13  designated  primary  core 
populations; 

Criterion  2  -  there  are  9  populations  of  red-cockaded  woodpeckers  that  each  contain 
at  least  250  potential  breeding  groups  from  among  10  designated  secondary  core 
populations; 

Criterion  3  -  there  are  at  least  250  potential  breeding  groups  distributed  among 
designated  essential  support  populations; 

Criterion  4  -  there  are  3  designated  populations  which  are  stable  or  increasing  and 
each  containing  at  least  100  breeding  groups;  and, 

Criterion  5  -  for  each  population,  responsible  management  agencies  shall  provide  a 
habitat  management  plan  and  a  plan  for  continued  population  monitoring. 

For  the  red-cockaded  woodpecker,  downlisting  will  occur  when  each  of  the  following 
criteria  (summarized)  is  met  (USFWS  2003): 

Criterion  1  -  the  Central  Florida  Panhandle  Primary  Core  Population  is  stable  or 
increasing  and  contains  at  least  350  potential  breeding  groups; 


Criterion  2  -  there  is  at  least  one  stable  or  increasing  population  containing  at  least 
250  potential  breeding  groups  in  each  of  the  Sandhills,  Mid-Atlantic  Coastal 
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Plain,  South  Atlantic  Coastal  Plain,  West  Gulf  Coastal  Plain,  Upper  West  Gulf 
Coastal  Plain,  and  Upper  East  Gulf  Coastal  Plain  recovery  units; 

Criterion  3  -  there  is  at  least  one  stable  or  increasing  population  containing  at  least 
100  potential  breeding  groups  in  each  of  the  Mid-Atlantic  Coastal  Plain,  Sand¬ 
hills,  South  Atlantic  Coastal  Plain,  and  East  Gulf  Coastal  Plain; 

Criterion  4  -  there  is  at  least  one  stable  or  increasing  population  containing  at  least 
70  potential  breeding  groups  in  each  of  the  Cumberlands/Ridge  and  Valley, 
Ouachita  Mountains,  Piedmont,  and  Sandhills  recovery  units  and  also  the 
Northeast  North  Carolina/Southeast  Virginia  Essential  Support  Population  is 
stable  or  increasing  and  contains  at  least  70  potential  breeding  groups; 

Criterion  5  -  there  are  at  least  four  populations  each  containing  at  least  40  poten¬ 
tial  breeding  groups  on  State  and/or  Federal  lands  in  the  South/Central  Florida 
Recovery  Unit;  and, 

Criterion  6  -  there  are  habitat  management  plans  in  place  in  each  of  the  above 
populations  identifying  management  actions  sufficient  to  increase  the  popula¬ 
tions  to  recovery  levels. 

The  primary  actions  needed  to  accomplish  ultimate  delisting  and  interim  downlist¬ 
ing  are:  (1)  application  of  prescribed  burning  to  cluster  and  foraging  habitat; 
(2)  protection  and  development  of  large,  mature  pines  throughout  the  red-cockaded 
woodpecker  range;  (3)  protection  of  existing  cavities  and  provisioning  of  artificial 
cavities;  (4)  provision  of  sufficient  recruitment  clusters  in  suitable  chosen  locations; 
and,  (5)  restoration  of  sufficient  quantity  and  quality  of  habitat  (USFWS  2003). 

On  military  installations,  red-cockaded  woodpecker  populations  are  generally  in¬ 
creasing,  in  part  due  to  active  habitat  management  (USFWS  2003).  Adequate  regu¬ 
latory  mechanisms  exist  (Endangered  Species  Act,  U.S.  Army  1995,  U.S.  Army 
1996b);  and  overutilization  for  any  purpose  does  not  take  place.  Although  broadly 
speaking,  fog  oil  obscurant  smoke  exposure,  as  with  any  chemical  exposure,  could 
conceivably  be  postulated  as  a  factor  in  causing  or  pre-disposing  disease,  there  is  no 
data  or  information  to  suggest  that  that  is  the  case.  Similarly,  the  manmade  factor 
of  fog  oil  obscurant  smoke  use  for  military  training  purposes  cannot  at  this  time  be 
construed  as  a  threat  to  the  species  existence. 

Military  Mission 

Fog  oil  obscurant  smoke  training  under  field  and  simulated  battlefield  conditions 
allows  soldiers  to  gain  experience  with  fog  oil  smoke  use  and  exposure  and  develop 
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skills  to  fulfill  the  combat  mission  of  the  Army.  Military  installations  must  main¬ 
tain  the  utility  of  existing  training  lands  for  a  number  of  reasons,  first  and  foremost 
being  the  continued  maintenance  and  further  development  of  military  capability. 
Directly  related  to  this  is  the  fact  that  with  changing  technology,  evolving  world 
situations,  and  closure  of  military  installations,  existing  military  training  and  test¬ 
ing  lands  can  be  expected  to  be  used  more  and  more  intensively.  In  assessing  the 
ecological  risks  of  fog  oil  obscurant  smoke  effects  on  the  red-cockaded  woodpecker, 
some  information  must  be  assumed.  These  factual  assumptions  include:  (1)  to  en¬ 
sure  the  readiness  of  the  country  for  war  conditions,  Army  field  training  with  fog  oil 
obscurant  smoke  will  continue;  (2)  lands  that  are  used  for  fog  oil  obscurant  smoke 
field  training  exercises  are  inhabited  by  plants  and  animals,  one  of  which  may  be 
the  red-cockaded  woodpecker;  and  (3)  the  Army  and  other  armed  services  will  fulfill 
their  obligations  under  the  Constitution,  10  USC,  the  Endangered  Species  Act,  and 
related  requirements. 


Uncertainty 

General 

Risk  estimation  is  uncertain  by  definition.  At  each  step  of  the  risk  assessment  proc¬ 
ess  there  is  an  element  of  uncertainty  and  explicit  consideration  of  uncertainty  is 
appropriate  (USEPA 1998,  Suter  et  al.  1993).  Uncertainty  may  be  due  to  quantita¬ 
tive  or  qualitative  considerations  or  both.  The  final  estimate  of  risk  represents  the 
consideration  of  individual  bits  of  information,  each  with  its  own  uncertainty  (Suter 
et  al.  2001).  Another  source  of  uncertainty  is  the  general  difficulty  in  quantifying 
the  magnitude  and/or  duration  of  an  ecological  stress  on  the  ecological  receptor,  and 
associated  receptor  response.  In  addition  to  limitations  in  specific  site  and/or  spe¬ 
cies  understanding  (Efroymson  and  Suter  2001),  there  can  be  uncertainties  associ¬ 
ated  with  potential  cumulative  effects  (Foran  and  Ferenc  1999,  USEPA  2003)  of 
multiple  stressors  or  exposures. 

In  part  to  address  unknowns  and  lack  of  absolute  assuredness,  a  risk  assessment 
should  make  conservative  assumptions  about  potential  exposures  and  effects. 
Therefore,  predictive  risk  assessments  tend  to  overestimate  the  real  or  actual  risk. 
It  is  extremely  important  to  recognize  that  risk  assessments  are  best  considered  as 
indicators  of  potentials  for  negative  or  adverse  effects.  Risk  assessments  are  not  to 
be  used  as  strict  predictors  of  such  effects. 

An  overarching  uncertainty  associated  with  ecological  risk  assessment  in  general  is 
the  typically  limited  amount  of  data  and  information  available  to  characterize  the 
exposure  and  potential  or  actual  ecological  effects.  This  limitation  leads  to  the  re- 
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sultant  effect  of  ecological  risk  being  estimated  rather  than  being  measured  (Bartell 
et  al.  1992).  This  does  not  necessarily  negate  the  results  of  ecological  risk  assess¬ 
ment,  but  it  does  point  to  inherent  limitations  in  our  scientific  knowledge  and  pre¬ 
dictive  abilities.  As  a  method  of  addressing  limitations  in  data  and  improving  eco¬ 
logical  predictive  abilities,  modeling  approaches  of  varying  degrees  of  sophistication 
are  used  more  and  more  often  (Pastorok  et  al.  2002).  In  this  ecological  risk  assess¬ 
ment,  graphic  models  have  been  presented  to  depict  and  describe  the  interactions 
and  interrelationships  of  the  red-cockaded  woodpecker,  its  ecology,  and  the  use  of 
fog  oil  smoke  obscurant  (Figure  4  [page  31]  and  Figure  5  [page  32]). 

Red-cockaded  Woodpecker  and  Fog  Oil  Obscurant  Smoke  Interaction 
Uncertainty 

There  are  at  least  three  broad  categories  of  uncertainty  in  this  ecological  risk  as¬ 
sessment.  These  include  those  related  to  fog  oil  obscurant  smoke,  the  general  set¬ 
ting  and  environment,  including  specific  red-cockaded  woodpecker  habitat,  and  the 
red-cockaded  woodpecker  itself.  (A  fourth  category  of  uncertainty  might  be  consid¬ 
ered  to  be  the  combined  and/or  resulting  interaction  of  these  components).  For  ex¬ 
ample,  since  every  field  fog  oil  smoke  release  essentially  has  a  unique  set  of  envi¬ 
ronmental  and  other  circumstances  and  conditions,  there  is  a  degree  of  uncertainty 
about  the  actual  amount  and  rate  of  fog  oil  obscurant  smoke  exposure  in  the  field. 

Some  of  the  uncertainty  related  to  fog  oil  obscurant  smoke  is  that  related  to  poten¬ 
tial  toxic  effects.  Other  than  the  studies  of  Driver  et  al.  (2002a,  2002b,  2004)  for 
avian  species,  there  are  little  or  no  data  and  information  on  wildlife  health  effects 
on  other  vertebrates.  However,  as  indicated  previously,  Driver  et  al.  (2002a,  2002b, 
2004)  reported  no  negative  effects  attributable  to  avian  exposure  to  concentrations 
of  fog  oil  smoke  at  much  higher  levels  than  reasonably  expected  to  result  from  mili¬ 
tary  training  uses  (Table  6,  page  19).  Additionally,  overt  toxic  effects  of  fog  oil  ob¬ 
scurant  smoke  on  red-cockaded  woodpecker  ecosystem  components  (e.g.,  vegetation, 
food)  have  not  been  demonstrated,  and  although  long-term  effects  are  not  known, 
there  is  no  indication  of  their  existence.  Consequently,  uncertainty  associated  with 
or  attributable  to  fog  oil  smoke  exposure  at  typical  and  effective  field  concentration 
levels  can  be  considered  comparatively  minimal. 

In  overview,  the  environment  and  habitat  of  the  red-cockaded  woodpecker  is  com¬ 
posed  of  mature  southern  open  pine  forests  and  thus  can  be  described  as  being 
rather  homogenous.  While  there  are  some  regional,  local,  and  site  differences  and 
variation,  red-cockaded  woodpecker  habitat  and  ecosystem  components  are  fairly 
well  known  and  can  be  considered  at  least  functionally  uniform  (Conner  et  al.  2001). 
Red-cockaded  woodpecker  habitats  and  ecosystems  on  Army  installations  are  com¬ 
paratively  similar  (Hayden  1997a).  Consequently,  uncertainty  associated  with  or 


66 


ERDC/CERL  TR-05-4 


attributable  to  the  red-cockaded  woodpecker  ecosystem  or  habitat,  particularly  on 
military  lands,  can  be  considered  modest. 

As  a  species,  the  red-cockaded  woodpecker  has  been  well  studied  (see  Jackson  1994, 
USFWS  2003).  While  there  are  regional,  local,  and  site  variations  in  red-cockaded 
woodpecker  numbers,  productivity,  and  survival,  any  differences  are  related  to  habi¬ 
tat  quantity  and  quality  rather  than  to  any  particular  or  potential  anthropogenic 
environmental  stressor  (USFWS  2003).  In  fact,  even  in  the  presence  of  disturbance 
related  to  military  training  (Delaney  et  al.  2002,  Hayden  et  al.  2002),  red-cockaded 
woodpecker  populations  on  Army  and  other  armed  services’  installations  are  gener¬ 
ally  increasing  (USFWS  2003)  and  can  be  described  as  healthy.  Consequently,  for 
purposes  of  this  ecological  risk  assessment,  uncertainty  related  to  the  species  can  be 
considered  minimal. 

The  confluence  of  fog  oil  obscurant  smoke  exposure,  various  red-cockaded  wood¬ 
pecker  habitats  and  ecosystem  components,  and  the  species  itself,  is  a  complex  of 
action,  reaction,  and  interaction,  most  of  which  occurs  at  scales  too  large  or  too 
small  (or  too  long  or  too  short)  to  measure  and/or  interpret  with  current  readily  ap¬ 
plied  methodologies.  A  number  of  studies  addressing  anthropogenic  and  military- 
specific  land  management  and  soldier  training  activities  have  been  reported  (Jack- 
son  and  Parris  1995,  Doresky  et  al.  2001,  Delaney  et  al.  2002,  Hayden  et  al.  2002). 
None  of  these  investigations  have  indicated  a  significant  negative  alteration  of 
measured  red-cockaded  woodpecker  biological  parameters  (e.g.,  survival,  productiv¬ 
ity,  mortality,  etc.). 

Part  of  the  red-cockaded  woodpecker  range  and  habitat  is  included  in  regions  sub¬ 
ject  to  severe  weather  events  such  as  hurricanes.  Hurricanes  are  known  to  cause 
severe  damage  to  red-cockaded  woodpecker  habitat  (e.g.,  cavity  trees)  and  could 
lead  to  local  population  extirpation  (Watson  et  al.  1995).  Previously,  the  Army  has 
developed  a  model  (i.e.,  PVAvES,  Population  Viability  of  Avian  Endangered  Species) 
to  help  assess  population  viability  status  of  threatened  or  endangered  and  other 
avian  species  (Melton  et  al.  2001).  Using  this  model,  it  has  been  speculated  that  on 
some  military  installations  subject  to  hurricane  events,  their  effects  may  have  con¬ 
siderable  influence  on  local  red-cockaded  woodpecker  population  recovery  and  may 
substantially  increase  the  likelihood  of  local  population  extinction  (Melton  et  al. 
2001:27).  In  an  application  of  the  PVAvES  model  to  disturbance  related  to  military 
training  activity,  Hayden  et  al.  (2002:60)  discussed  results  that  suggested  that  if  a 
substantial  proportion  (i.e.,  >  50%)  of  red-cockaded  woodpecker  habitat  on  a  mili- 
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tary  training  installation  were  subject  to  high  disturbance  activity,  this  could  have  a 
negative  effect  on  the  viability  of  that  red-cockaded  woodpecker  population  and  such 
a  condition  might  increase  that  population’s  probability  of  extirpation. 1 

The  fog  oil  obscurant  smoke  exposure  levels  generated  by  Driver  et  al.  (2002a, 

3 

2002b,  2004),  up  to  450  mg/m  ,  are  far  in  excess  of  concentrations  anticipated  under 
field  application  conditions  (Table  4,  page  15).  Using  the  results  presented  regard¬ 
ing  the  mean  number  of  fledglings  per  clutch  in  Table  11,  the  authors  considered,  as 

3 

a  “worst  case  scenario”  the  results  for  the  control  (0  mg/m  )  vs.  the  high  aerosol  con- 

3 

centration  (450  mg/m  )  experimental  treatments,  which  was  the  only  comparison  for 
this  variable  that  showed  a  change  in  outcome  (i.e.,  decline  in  performance  in  the 
direction  of  a  possible  toxic  treatment  effect).  An  observed  effect  that  was  in  the  di¬ 
rection  of  a  negative  influence  of  red-cockaded  woodpecker  fecundity  was  purposely 
chosen.  Keep  in  mind  however,  that  the  treatment  effect  on  this  variable  was  not, 
in  fact,  statistically  significant. 


Table  11.  Hatching  and  fledging  success  of  House  Sparrow  clutches  exposed  to  fog  oil  aerosols 


(from  Driver  et  al.  2002b). 


Fog  Oil  (mg/m3) 

Parameter 

Control 

0 

100 

450 

Number  of  clutches 

16 

13 

13 

12 

Mean  number  of  eggs/clutch 

3.2 

2.9 

3.1 

2.8 

Mean  number  nestlings/clutch 

2.0 

1.4 

1.7 

1.1 

Mean  number  fledglings/clutch 

1.8 

1.2 

1.5 

1.0 

Percent  hatchedA 

59.0 

52.8 

56.6 

51.7 

Percent  fledged8 

50.5 

46.5 

41.2 

46.3 

A  No  significant  difference  among  means  was  found. 

8  No  significant  difference  between  control  and  treatment  was  found. 

Again  using  the  PVAvES  model,  and  applying  this  “treatment  effect”  to  data  from 
and  existing  red-cockaded  woodpecker  population,  t  estimates  of  potential  effect  on 
local  population  viability  were  made.  Estimates  were  calculated  for  the  probability 


In  part  because  of  the  availability  of  population  data,  both  Melton  et  al.  (2001 )  and  Hayden  et  al.  (2002)  were  ad¬ 
dressing  potential  Red-cockaded  Woodpecker  responses  at  Fort  Stewart,  GA. 

t  Statistics  derived  from  data  collected  on  the  Fort  Stewart,  GA,  Red-cockaded  Woodpecker  population,  on  a  total 
sample  of  103  individual  females  observed  breeding  at  least  once  between  1995  and  1999  were  used. 
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that  the  red-cockaded  woodpecker  population  would  fall  into  the  IUCN  extinction 
risk  class  “critically  endangered,”  (i.e.,  classed  as  having  a  probability  of  extinction 
within  10  years  >  50%;  IUCN  1994).  These  probabilities  were  essentially  0%  for  all 
cases.  The  results  of  this  modeling  exercise  suggest  that  in  applying  the  effects  of 
the  such  high  fog  oil  smoke  treatment  on  fecundity  of  house  sparrows  observed  by 
Driver  et  al.  (2002b)  to  red-cockaded  woodpeckers,  even  if  the  entire  red-cockaded 
woodpecker  population  were  exposed  every  year  and  at  the  same  incubation  stage  to 
such  doses  of  fog  oil  smoke,  it  would  not  lead  to  extirpation  of  the  population.  Simi¬ 
larly,  the  results  suggest  that  the  risks  to  the  population  attributable  to  fog  oil 
smoke  exposure  are  no  greater  than  natural  weather  events  or  military  soldier 
training  activities  that  have  been  taking  place  on  armed  forces  installations  for  dec¬ 
ades.  We  do  however  need  to  recognize  that  the  PVAvES  model,  is  simply  that  —  a 
model.  As  such,  there  are  other  uncertainties  associated  with  it,  including  a  predic¬ 
tive  approach  based  on  Monte  Carlo  or  probabilistic  analysis  (see  USEPA  1997b). 

With  that  being  said,  and  as  a  reminder,  a  purpose  of  this  discussion  is  simply  to 
point  out  that  among  other  things,  given  the  limitations  of  information,  data, 
knowledge,  and/or  interpretation,  uncertainties  can  and  do  exist  in  estimating  eco¬ 
logical  risk.  With  some  species,  some  stressors,  some  sites,  some  ecological  condi¬ 
tions,  and  some  ecological  endpoints,  the  ecological  risk  may  be  little  to  none.  With 
rare  species  (e.g.,  red-cockaded  woodpecker)  and  uncommon  stressors  (e.g.,  military 
fog  oil  smoke)  non-existent  or  incomplete  data  and  information  obviously  present 
limitations.  For  this  ecological  risk  assessment,  the  uncertainties  involved  are  com¬ 
parable  to  other  similar  ecological  analysis  and  are  not  of  such  a  magnitude  to  cause 
undue  concern. 


Interpretation  of  Ecological  Effects 

The  “lines  of  evidence”  approach  used  here  provides  an  outline  framework  for  char¬ 
acterizing  the  risk  to  the  red-cockaded  woodpecker  from  military  fog  oil  smoke  expo¬ 
sure.  It  is  not,  nor  is  it  presented  as  a  rigorous  proof  or  examination  of  ecological 
effects  or  a  lack  thereof  (Fox  1991,  Menzie  et  al.  1996).  Rather,  it  is  intended  to  pro¬ 
vide  a  logical,  informed,  and  reasonable  representation  of  pertinent  data  and  infor¬ 
mation  (i.e.,  lines  of  evidence)  as  they  are  known  and  understood.  These  lines  of 
evidence  were  derived  from  different  sources  and  by  different  techniques  and  meth¬ 
ods  including  models,  technical  reports,  scientific  literature,  laboratory  experiment, 
and  observed  and  reported  field  effects. 

Toward  that  end,  the  ecological  interpretation  of  military  fog  oil  smoke  exposure  on 
the  red-cockaded  woodpecker  is  presented  in  Table  12.  In  this  ecological  risk  as¬ 
sessment,  the  nature  and  intensity  of  observed  effects,  particularly  with  the  tempo- 
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ral  and  spatial  scale  of  potential  fog  oil  smoke  release  and  red-cockaded  woodpecker 
and  red-cockaded  woodpecker  habitat  exposure,  and  considering  individual  organ¬ 
ism  effects,  species  recovery,  and  military  mission  (i.e.,  fog  oil  smoke  training),  indi¬ 
cate  little  to  no  risk  —  either  to  individual  red-cockaded  woodpeckers,  their  popula¬ 
tions,  or  their  habitat.  Furthermore,  the  use  and  ecological  effects  of  military  fog  oil 
obscurant  smoke,  as  it  is  currently  employed,  appears  to  pose  no  risk  to  red- 
cockaded  woodpecker  species  recovery. 


Table  12.  Summary  of  weight  of  evidence  analysis  for  exposure  of  red-cockaded  woodpeckers 
and  their  habitat  to  military  fog  oil  smoke  obscurant. 


Endpoints 

Fog  Oil 
Smoke 

Present 

Fog  Oil  l 

Smoke  Toxicity 

I 

Observed/ 

Reported 

Effects 

Possible 

Conclusions 

Inhalation 

Ingestion 

Dermal 

Nest  cavities 

+ 

NA 

NA 

NA 

Fog  oil  smoke 
enters 

Fog  oil  smoke  concentration  25% 
less  than  outside  nest  cavity 

Egg  hatchability 

NA 

NA 

NA 

+ 

None  observed 

Fog  oil  deposit  on  eggs  minimal 

Nestling  survival 

NA 

+ 

+ 

+ 

None  observed 

Nestling  survival  unaffected  by 
exposure 

Fledgling  survival 

NA 

+ 

+ 

+ 

None  observed 

Fledgling  survival  unaffected  by 
exposure  as  nestling 

1  Ad u  It  acute  effects 

NA 

+ 

+ 

+ 

None  observed 

Adults  suffer  no  acute  effects 

Adult  chronic  effects 

NA 

+ 

+ 

+ 

None  observed 

Adults  suffer  no  chronic  effects 

Arthropods 

NA 

+ 

+ 

+ 

None  reported 

Little  or  no  ecological  effect 

Soil,  microbes, 
vegetation 

NA 

+ 

+ 

+ 

None  reported 

Little  or  no  ecological  effect 

+  indicates  the  evidence  is  consistent  with  known,  observed,  and  reported  endpoint  effects. 

-  would  indicate  the  evidence  is  inconsistent  with  known,  observed,  and  reported  endpoint  effects. 

+/-  would  indicate  the  evidence  is  inconclusive  or  ambiguous  to  interpret  with  known,  observed,  and  re¬ 
ported  endpoint  effects. 
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6  Summary 


This  ecological  risk  assessment  addresses  the  potential  effects  and  impacts  on  the 
red-cockaded  woodpecker  of  the  continued  deployment  and  use  of  fog  oil  smoke  ob¬ 
scurant,  for  Army  and  other  military  training  and  testing  purposes. 

This  ecological  risk  assessment  further  recognizes  that  no  effects  or  impacts  to  indi¬ 
viduals  or  populations  of  red-cockaded  woodpeckers  or  their  habitats  resulting  from 
past  or  present  fog  oil  obscurant  smoke  use  have  been  observed. 

It  is  recognized  that  natural  and  normal  ecological  variation,  as  well  as  those  varia¬ 
tions  attributable  to  anthropogenic  influences,  make  it  difficult  to  detail  and  attrib¬ 
ute  stressor-related  perturbations  (i.e.,  by  fog  oil  obscurant  smoke).  Introducing  ad¬ 
ditional  anthropogenic  influences  and  potential  stresses,  such  as  coincident  military 
activity  (Hayden  et  al.  2002,  Delaney  et  al.  2002)  make  the  prediction  and  identifi¬ 
cation  of  individual  ecological  effects  even  more  difficult. 

In  this  ecological  risk  assessment  the  most  appropriate  and  relevant  data  and  in¬ 
formation  have  been  considered.  In  total,  the  stressor  (fog  oil  smoke)  and  receptor 
(red-cockaded  woodpecker  and  its  ecologic  habitat  components)  response  data  and 
information  available  does  not  show  or  indicate  any  signs  of  direct  or  indirect  stress, 
impact,  or  effects  to  red-cockaded  woodpecker  individuals,  communities,  popula¬ 
tions,  or  habitat  due  to  the  use  of  fog  oil  obscurant  smoke  in  military  training  and 
testing  exercises  and  protocols.  This  conclusion  is  supported  by  species  ecology  in¬ 
formation  (e.g.,  Jackson  1994,  USFWS  2003),  ecological  modeling  (Melton  et  al. 
2001),  laboratory  and  other  exposure  data  (e.g.,  Getz  et  al.  1996,  Driver  et  al.  1993, 
2002a,  2002b,  2004),  and  other  relevant  avian-fog  oil  smoke  ecological  risk  assess¬ 
ment  analysis  (e.g.,  3D/I  1997). 
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